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1. 1INTRODUCTION

During the period between 14 Yebruary, 1978 and 30 September 1978, the
University of Michigan, Space Physics Research Laboratory was funded under
Contract NAS5-24454 to perform a design study of an electronic system for
the Jupiter Probe mass spectrometer. A continuation of this #ctivity has
been funded under Contract NAS5-25153 and a separate Contract, NAS5-25145,
has been negotiated for the procurement of non-hybrid electronic parts for
the system.

The activity under this contract conforms exactly with the statement
of work and the product of the aciivity is a preliminary design of electronic
system for the Jupiter Probe Mass Spectrometer. Because the design activity
is continuing, this final report for Contract NAS5-24454 is an interim report
for the complete task and attempts to document the state of the design as of
30 September, 1978.

The attached drawings, parts lists and design notes represent the state
of the design as of 30 September, 1978 and implicitly constitute rccommendations

for the choice of design variables,




DRAWINGS

2.

P s

AT i .&(vﬂm.._%%.mm.n\_uﬂmm‘-




. Sl

G .-W - i e B e -t e TR LI T -

| 1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.8
1.9
3.1
4.1
5.1
6.1
6.2
6.3
6.4
6.5
6.6
6.7
7.1

7.3
7.4
7.5
7.6
7.7

7.2 ..

LIST 0F DRAWINGS

Couceptual Block

Analyzer and Analog

Control and Data lopic

Inlet Sequencer System

Power System

Grounding Plan

Command System Conceptual
Data System Conceptual

Data System Concept

Mass Value Calculator Concept
+29 Preregulator

EMIS Reg. Schematic

Rod DC Supply

Housekeeping Data MUX

Analog Data Timing

A/D Converter and Registers
Analog Comparator and Ecl, Counter
TTL and CMOS Counters
Digital Data Qutput Control
Output Registers

Command Input

Command Memory Control
Command Buffer

Command Memory

Format and Calculator Microtiming
ROM Address Drive

Program Memory

sl




| LIST OF DRAWINGS (Continued)

| 7.8 Program Word Buffer
7.9 Mass Vatlue Calculator-1l
7.10 Mass Value Calculator-2

7.11 Mass Value Calculator-3

7.12 Control Qurputs-1

& 7.13 Control Outputs-2 ]
8.1 I S Logic
B.2 I 5 Drive Circuits '
8.3 I S Drive Blocks

l % 1 S Drive Circuits

‘ 10.1 RF Oscillator Drive Circuitry

10.2 RF Oscillator Sec. and AGC

11.1 Pulse Amplifier Hybrid

11.2 Crid Electromtr Amp

17.1 Floating Point Table

Rabhn A e e S

| 4 |




re.T
It
L] [+ 3 M orne auen
e QiIEy3-= NYDIADIN MGAHY NNV #
hh.m. 03NV NEDGIHIIW 40 ALISEIAIND £
[ (YR LJIINOSY SNIMIINIONT 40 3511700 _ " 378vN3
— WoNMIYIQ ¥3073 | AMCLYHOEYT HOHYISIE SHSAH AD¥IS !
, ®1-5-Z SAE TSl AivMC NTNTIETD D HIINIONT mu TS
y _
| w3is193H .
My2H1S L9 LNdLNO 1 Lndung v, ~ ML Dk
._ .
MILHIANDD [
HIMCd AT HJ B53M0d /S
tl |
Ier3G13 wwll
salvis o ARSI sans Mﬂuﬁoﬁmnzoz_ *I 4360233 D
i 334N0S NOI 180mGR = ANIHROD ANYRROD F _ sGnD 375
123735 W4
< %550 75
— AYOWIN AINOD O¥IH 91X vid i o ¥
b
Neerant] - BINNYYI08S L [zavimt Iy
bl FALAT: ! . nyyo0dd _A 1N3A3 OS5
—p J
wra u,..u _
133118 3HD - "
; SSvi anng HIININDIS i
; —J
i 3 4 i _
150¢Qv YULYINDIY |
‘$IH @ INNL NOISSING RN P 378YN3
SGR3T| A 350 9 L4405 13RI T 2DNYNQHO WS
ﬁl‘ﬁ 2003 Iu 390419313 _
=~ J9910A
Sand SOW3 ", " wHom _
oL * :
+ h r -+ _
il P LKOLYNINIHIG] ' &
| HOSSIHINOIMHILNNDD g pTany 3Snd { ' — S31anvs
T ! MUIHISON LY
[ oaoc ) | T R 40133430 YIZATYNY SSVH 328005 SA3LSAS “—
o : _| ¥ILINOULIIZ ' ANINHIIENT ||I|||ll._ !
1 Q...|_ | - ' 31040HAYN0 nol ZLTN1 | m
_ S _ g
+ b XISt e ~1 T T :
[PV ! ! ¥iLimourd3ata _— ;
L aouhy L uaam . __ . [ [ 1nN3uund gwnd
-— . ;
_Hl — INIITNILAOH R ’ ¥IMOd .
g e 20Ky N danndg | P u3M0d /S
| — _ I A S —_ = o T —

PR T L




2

LR

r=-0277D

} H2OTS

SIvTay € EIZATTNY

L5805

- 43N Td NTA

— ] . -

" . divy - At iuwios ot
: 1IRSdufd SO !

" — a7 LN3uENT

dA I3°0d

Aldans

AH W3

—
b

38NL 23Z4ATwNY I0QANYGTND

AN

b

o

ot a0 A e
H

N

AJ1SAS '

. 5718 _
A [— _.
_ oo
) - R

Addns
J¢ aod

90N ONISE 1201 TLVQ 8 TOUANGD

! !
ey i P TN aaTET T
foewhiTa i Jﬂﬂ.nw :
AR dNNd ! - —n = e
- . A p—
fan ! “ Giind
e e e NOI
e e i e

~ TW31SA5 AT
— At I\ . « .J.I -

Aldenl
v ANIATI4




£°T

afinla
FIFENEY

¥ SGpp Z-¢

PR RS

s Tl aeLra )

- ——— T
DY e =
=3y ISR,

——— i —_——

——

Tar et p Lt
Ter.Tun Ll teeee )

T~ = I’.L

4 .
R EIES PR .
. ———
53 o d i : - T
[ T e TR

Soniwoay L3

! . . -

1

e - - — L .r.“\ ——

AR | - iy
a-:.;.d" - . ~ JE—
'
H
(=it
1 e
Vope L v
- e, ety -

e ——y -

|
S Labp

ML el EYIRYEy L B R T ’
Iy . 2V, e b
gdgnmnat B A Koo 2id

. .

L]

i 0
Tetad WLl | L N 1
DETTET RN | O.‘— m v/o w - nf_ ~ e _ h ——
e i n .J\. .a.l L - \ i _
L - ok .t : P
L m T ] -
i ~ Pelema vy wE i .
o i Didednt ! !
i : ES '
:o ! e ‘ —_—— v
| .
A. S
| s
N MEYRPE I R aow i N
i ! | B
o ) T gt C e
; A A 2 vl ._ N trTra
' L PR B 1 _—
| L i
I ) e
M : A -
-
A P e
: I ! -_ 4 A

[P RAREFRERS: ]

ﬁ 20 alf

EORRC T P R b “
T e
il el : _
u
P Sk i, ceree ¥ad: e
Q. * b - UERT q.,.u.z,s.u
. 17 . 2 ARIT. e
: ,. ‘o wfb ...1m...v
N — iy ' H
.. et
R A RO L - -
- —— 1 ...\
!
'
I
Y

- e ——

i

e

PR

- T
. :__ S

T




— ey - r— —_
]
7 1
h | [+] 23 H 91T itva
Five Qogk3-9 NYSIHDIN 'HCANY NNY
SN - Q3 TIVD NYSIHIIW SO ALISHIAND
K7HOYIQ XI018 SLINJUD DNIEITNIDNT 4O 2927703
AT MILSAS L3NG | AMOLYNCEYY HOHYISIKE SDISAYD 3DVdS
aL-52-3 SAS NYWSLiven AL EECTENE]
SN AQM Y
\ aNg 21501 N /
STNGIS WCBLNGD 410-40 CZEIS - 103y .
—_
L
| [ _ ~ _ f ! !
3 L — 1 21 | £ . z T ] H b 1 T T g bog HAL
" : WD | PEECE] *37H3 it n0. 1w
MILYIHTT Tlu:a.._ WA 1 _g,.q.s F..ELL] v [ o 130, LT 1704 M
F F F
A
MR+ OL . '
ang . Aas ONYRAND JNNIVE e nb xmcieos |~ LI
/:..5.. HILYIH 9 AMVA u_zhwEwa_:s ’ UNYWNOD INXOYE \
»
LivE319vds meH s
L el - - T i, r———— — o
) LRI N IPFR TN o

e m M e I TR A T e S R



-

" 1 [=] =1 PRI ]
- <
~>= gl 3-8 NYSIHIIY HOOEY NNV
titi S QI HIN) NYDIHDIW JO ALISHIAIND
_ LSO * oMI¥3INIDNE 40 3931700
— NILSAS HIMOd ANOLYHOEYT HOHYISIY SDISAHG ADYdS
out il e Co M NWEBLIVHC Baanzs f =3ANIONT
}
*
? ‘.
— 1
1
. b
—-——— LT}
LU L LA ————— =Sld . ARG =
. ] M
— I|||h e —— e e A T & -H-
AN LN
]
e —— . m
k 5
—— - i T -
g LE ——] 3
L wawe _
)
1
T
)
i et - — t
bm — - :
. ! !
o0L - = Adunts —-—p '
ANG L = AW Lo ..
|
e = e i e — i
L .
Y a3iv s o N 180 |
4 ] aox+ - = ¢
QCI —lp—mt _ - - rl...l I "
L1 L]
vl svid
our® -— D ._.olon_h _ H -"
o —— ' =Y ., pememmmmmm=—=- - m—————— =
ooz 3 — 7% T 1 © '
||||||||||| - 1 |
Qb — = 54 — 1 1 ey
it -— L] e — { " ] “
! '
n | xvmui -— 1 R v e— |

HILMIANGD /20 #1470 ANSHI W3 N3
MOLYTNGOW K01 33704

—— —_— —— — - —— — — —— e — — — T e T e e

TR AR R LT S




ST L R ——— SR

<1
h G 3 H aih LsvAa
v #1it 3-9 NYDIMIIA ‘HOUEY NNY
Gi-c: SN e NYSIHIIN 40 ALISMIAINA
A QIR TG0 DNIMIINIONDT JO 3937705
N¥3d SNIGNNOHS | AHOLYHOBY HJYY3IS3Y SOISAHA IDVUS
f RE TN NYWSLivugn B3UPTN ¢ G33nIond
HOHINGD
410/ND dnfid
jmm—————d h --= - ——m———
.Nm\ , A°dans gwng ! ! '
_ - TR
I N el
1 1 i 1
{ i 1 I—I 1
] -~y [ 1
dHNd NGE _ P J FI%IL _
T
i __ ‘
i I -
A ! .
; ' Alddns svig _ .
! '
| : t
. 1 : SO
- : s | I!:lzlJ
m . ﬂ
I HOLYINISO 4y |
ISV HAZATINY 104OuAWNE ! 1 _
. m . I L
i ) * &
' ; T
! 1 SCNHD <10A W
__ : NOISTIa6d
q j
H .
——
sonK3 ! Lt
, !
I 1
[ ! 1
— — £ r
QNS dx) =— ! — L ! uuoxamonwnm.u.
a0 _ vd t h
— s — [ R | A | Carend
F e | | e .
__ -t ~_ .__ S L4 NIAD
! ! Re Ly !
| ' { 1
#3M0d 0130030 shinigadxa oc + :
t 1 . +*
e ———— - -
L144NS mad NI LDdm
e s ——— —rst bz E

P A

-10-




b
H.
o
—
!
1 a 3. M O3EM LT ' !
2ve Yiirb3-8 NYSIHItW "HOoady NY '
HWOIHDUA 4O ALISEIAING - . . . "
O3TTY9/SAN ANIHAIANITNT 30 1D317102 . s
——rret 123T%N07 K315AS QNTRADD Al 10AY HOMYISIY SIISAHL IDVdLS
i Al=ce-0l S5 MYWALIYUD SOHwgH M HTINIIND MO -NMNL MIMOd HITE 17 NILLIum3lE Q 831503 CiNi G34a00 JUC3 T
‘ . NGila333y KoT3 d2L 4V NILLMMIS AT JHED 7L
’ . ANORIR IWOI 1K NT
ﬁ L Coe
SNOILINNE LNINAELSW OL . : - .
, r . - |+J
3 | { .
. “ 1 . i
] {
. " xu.ﬁ_ou-q LitMs L2 |
1 1 1
REEA IR r_ Jd r_ J 4
(AHCAWIA TINAL IHAZIINGD . . ’
L3i3dmCT OL SQuCW TJASLYLNYRD WH00J) H :
518 SRAIMAGY—y : . . ) .
\l\.lll N ., B . : , ! -
& 0z 17 ™ ST K L 3 .t T .u - - ’
el GI 90 2 W L4 . ) . . - B -
T :
L A & O U on 1 o} - . ' : R sulsind i
Y1519V L AtHE A18-G hl - *Tiavna
. i
., . T . . . . | S
t z t vs % ao oo ; Lo PIRASIES y : wvd -
d ' ; ; " - . . )
: R N A . .
. » L . ! e D T 1 )
R o . -
\ ¢ . R .
s . ” h i.q -
. - o B . —— —— — — e — T i Y 21

AR RN TS L




»
1
o4
-
l
o _ . e - e e-e
gL . ; . . .
1 a =] M arsn 1w !
v v 8iiv+3-42 RYDIHIIN "HOBHY NNY
1 NYDIHIIW JO ALISHIAINND
C3TIVI/S KN GDNEHIIANISNDT A0 3IDIT0D
. Ld3CNDD ASLSAS WLV ] AuOoLvHOBYT HOMYISIH SHSAHL 30VdS
A =02 =C1 S NYHSLAYHS SONNIE ™ HIINIDNT
. .
[ .
$ONTIIS OML ANIAD CACM dUSH uzo.l.* : i
1 ] , , - . : )
+ G f————cnx | I ledusn a . . i
y YIMRYHOOHd ROBSE | " S T L .
YSSIINYN —— T uxu‘lu_ 0 ez ¥ -, : , - o ’ ) o -
[T, - ’ . )
1 2 S ® 6 9 408 & O 1t A EL M St N e
) | swasw0d )
w‘ LyWaod *
_ ’ % .
4 i iaz
” . ary
"3 Knm wimig . . L—
— ! ,
. 345 anv . . - B}
HILL1vMyCI A -
ilg . . ] . .
L e o | . - ! L pe— - S . i
vixa — 43s08 . S , [ PTSSEY T !
LNe1ng > T Tt S o . e A .
M e . . j . . '
L - N ] EEE—— - . * .
" LT xnK ¥34IMOU LD .
S . srrny o ws | :
_ BIINIANGD - - , T . _ N
. ANIOd w. " ¥ IMOKL23V P C .
Lemand O.Z_ FL 1 a¥] . . N . PrRT el ] . . . . .“ . N
AREH . . " ,
RLATCIL d 1 . . . . ., E . . .
: - - s . ' L i ‘. i - T - N K z
. I_ T — ) ' i . *
. .. . “ . . b .
-““M_.m““ us v . S a SRPTUI B . Aandsnen . *
) 11 . I - . : - . B b
aKynR03 . w30 HILNNGD e e B . nORLITTE . A
R .
- ' - - * 4
= Te -. O - *
" - -
o
i e s e — - - e . —— w1 - (I L. [}
..|. o T " - gl Bad KR d] PAN




e e e e = e

6°T
284 5

1102,

Lo Sy Simiovn
T s 218Q7 Ypmimvos
Powiia
& Larmasee )

Ly Toabs sy

et

(720
-l
~gl-Q

! Wizt -3~ M
LI Ll e U ;
A:,,.H....r. qv _
-\h\- . a
ACL A ﬂ Py —

I iewd P

Lo oo it] 29 2

T

T ] f
—~ ' o PT— .I.TIJ ' .
R < r f L} \ _.l._-d.nn.
» / \ 'Rl
redy - 2 '
R v s LA wad =3 —
-)h\
T
N FeTh s etz ‘ roewt ot .‘ \ teatdd ‘ o 71-24 - . - ) i B l.
7 A ' A - _ , T .
nUs 5 ] ! ! ; b7 .
s B | (et ]
\._Jl W ». 3 ' ; /.—st\w_u,_»- - .
i .n i ! b4
! |I...|.'|._,. i ;_ . AP
1 ! ' — —
i ; b
- "
- ﬁ i \*I i Ay \_‘\ nT lll\
- <, i 1 e —— ¥
. D \l..... ey 7 ’ . = - Y L2 B ..M\ j DR &
- P R i34y e n.“.rh\../rou i | ) ..*
- .....u. e ﬂu & \h..ln.\l\/ o - r2vig e s g wINtd
T A Rt S 7 A En
., ken _
k, .n_...- o o, —— L
e “
- W
L - - . - . 1)
' fr - \
P e R LA TR Y R e !
B ! . - - - —_ A . A . 5 - [, i
coy e e P o] _
P O R u.ﬂﬂ n je ¥ xr L) ~.A... A L) _
t i
! __" ! | ‘ \\ * zl i
L e 5} Fioeim - ' 3
- - v o e f ] o enief | _
LR
! , ..NP - - + Tt
- iy — B 1 - -




.m
]

2 QD \.\.u\

oo
M. TR n.ﬂu\u.u\.“

LY mppesns  FRIETTEGy Lo

Ly .....r\..
e
L T
PN vll.rltu\..ﬂ(.llr.. !
e
b

(9FL Fe 123/ _y aziin %
.
29520 20L TT7 7 s apny i m\.,

T G5 Mad 23z .lﬁh. bl _\..

/g% gL T2 hg
|
TnToftes \m.

v
LR LS rerrof furrhn (e

\\r

2 m\-‘\.\n\ THL

S DT M L o s 1O

[ AN

4~ T
e LJHLJ Kt

e
. i
71
\..\Y\W\.\ Shra -

L
zror

- —

-—"qul.._ ——
"
3
~
]
-

e de b

: v P A7 L 470

- -4t rér - “ W ' "
o ) H c* . N O

% CRI

THTE T ! LT

- 4 B * oz
~ri _
A gl pAay

o — ne— ——— -

b=




~15-

- i

n:m.— mD m.-UoNE.u.._wﬁ.pwn._
3wz 0elv3-d KYDIHIIW HGTSY NHNY . . ]
NYSDIHDIA JO ALISH3IAING ¢=04+23°6e »nu,:.nm”_
SHN 0FUTVO ONIBIINIONT 4G 3033705 . aw,c- .m._. o
: 3 “ &
VILWINSIAY NOISSINI | AHOLYHCEYT HONYISIY SOiSAHd 30YdS e
& szlioi T4 wsSlavad | B2/12/0s HINREW P E33ited BRI
NG SCONT _llllllIIIIIIIIIII.I:IIIIIJIIII'J
= = = = = !
e — -= I = :
| T |
:
_ ,
| |
_ A
ames .
O ¢
n iran _ . .
NG SIInT i
;
IiIsT ] '
l
_ 1
- )
Imlf\,u 00 S
i
-4 ‘IO (498
i
. ;
. Siw =T, Giv
=z _ "
) |
H _ ..Omcl
w s _..nl. rYs
] ATy i
A ND g
; A O _
H .
— | ;
i i _
| ! _
#, |
; |
|
|
[ o o=
2 |
! ]
]
AG-Y AMQ-n
TEST =
4 : _ £kt
1 ! CTuriw ]_I.. b
S 313
bt
- —_ R —_— —— N — —_— — —_ —_— —_- o o~y —t
PRI,




—
_‘.ﬂ\m-\.\l_}_ >
T - CimweTiLuo e S S1L4TalPeT TTRLD
L T Ut 13l W7 3TTER L3ETISTF
- e ¢ 35 %7
Loy ONsukep 't wy 223" =i wsiT Sae¥e 335°Q
AR 1o T =5 ERGTILY AT A PR L KPR N N 9
s - ;- { i Sie - - = = - 2y e §IILIT AITAR
J - ! _
_ Foy @ J = ! T . oc ! an%s aid SA=D % SSaLISIE SV
T - L i I T . . e =
! £ - gi. m i oy S _ ;w- - C34%s.Gh. 3iamFeal SEITRA BRLTN
Y P g s’ -
o= . ! - .
- -~ 1 - = —— ¢ y * fM/?d l~|w._ ! - |
fE 5 l\_ll . _ _ . Lz e, i
. . et 3 , LT
- . . ._ . ~ \&Ll I.M‘M.J.\ 2L
—— - N T P_ —— i) . ﬂ t
EEIR A I A 1 " - L rhed T T P = - e P [
aw i t T - Wb e——— s - - - 4 -
E I3 , : ST . Lb
¢ ) _ _ 7o | P T wisres
—_— _— ! :
&z - __ﬁL fosry 1! ¥ H TPl ,.__\
-_—"= = ra W — i - ey -
J— 3 - —_— ~ -
nEL- e e Tes 2 Hee yﬁ\.W g . - YT
S -3k ’ e, = __ . . L ,
; 2 i - L S [ - i
+ ..,M ! SN S SN I ' S ~ —_— 5
ol 1 - b~ 1 . o , _ y . »
-— N r_\l\nu hﬂl.m__l ! %\ |-|._n“U 1! | " - ﬂ.-ll \\m. .\ ﬂ YiTet
! b n I VoY ! N ! — T
R 'I..'l..\::u - —_—— A ; y312 roL ToeET VS T
P i Fre :
- i Rl
—_ t i - — A g, _ ez | iy T i
=3 el “ ! ws - 17 o 219 - i FELITYRL I [ o5 v — e
= 5.4 ) oo Woyia vy BV _.. T Ty Y B omax
p o TN, - i NS
d
l
|

' %G}_— . 3 ‘. ]

’ v [ P .ﬂu -3
- - =93
..VL —— AT _riaae = AT (g

; ’ N p L7

. ﬂ f Sond - ghd
! - /.1!0 < } L
. - MU -

: .
| g—— —_——— A, s = — Gy
* oher o O —wn ™

]

JUNRRE g ——— e A, —— e p g AP ML

- -
vem L& = vy G oIS

e \‘ =11
T . v
' . b V7 .- ' L 5 1 L TS
[ ol . 7 2. 4 T Y] g

4 -
ce motr . — —_—




-17-

agc8s =7 -~
! Beocfer Sewrv - 02TILY ; ;

Dimon L9

Amey WL 5 e YRR S50 o) r.....?..\,..._.o\_

ST . 3= e
T ﬂ

- 1 — L T . Tl|l|i
re. . Ll el Y
A 4 h~ P\ :

¢ - ———— T
H
A
. ———t
« 3 0t - ¥ \
Y TS TH BRI
;o _ .._u_..._ _i. Voo
ﬂ - R )
. . l}
.m. - —— G - - T _ ]
_ Il ,
W., TR ! A ||.|_.r.| [ - - o o 8 s -
. o e — a— i ]
[ B SRR ~-— — e . _ ~
] [ .. - -
| L J— —r [ |I_||Il \ i
: . ] -
d T
Iy - - —- m————— e i :
. | : ._T . o :
Ho——— - e e et = :
'
i ' | . _ . _ . .
€y - _ - _ ] ) ~
| S SRS A, S y ~
_ -_ ' | L '
- = "
r < : u i
; . -
"oy . - —

1a
Dee—,
'
i
€
=

D H
i - - — - - -- e L
i i 3 -
¢ ) - | - T B - - i
' | . . . i

Y ot
'
'
3
),
1
oI
-
——
. -
o
T ——

|
l
:
i

R gt e L




~} 8-

\mm; m

——— .
-'.\-{.nda..u‘“ ) - . - e
e Y !
Ll Pt i ey p deg |l
1y - .
; S A2 AR (e
Iy
S
= b —
P do3i N XTI
e TIKI TrelnT
HOLUT il —
PR H dich |
L _
.C.u._upvqu\l.l e .wm
Mot e | | ey T TG
sas737 TETT Do 1 3 —
i — 1 14 Lemma
for ved
Lan 1% ap ——
.\_ — ram=r \_| \\|| 1, ¢ b
—_— . anky Al : . L )
FEFL 2 i < L 0 < 4 —_—
~] \ <A - PR TN . ) —_— .mlnln.u.,...._
! 1
.t e I, - i !
—] —— -1 - = HES )
answgon T A.\ bhlid e —— [N ,
. Pt g e TR0 ~J v [ ——
——— e _— gt b
r e |
— -|l|||...i.:r!..
FEFY i -
-~ 1, — —— - =
2l i | 2 ra\ _—
PRI - . . _l... w nla\
. - i PRET testt vty v
' | , ‘ | tuart ITEE
T e e e : ;
i e e R SO P FCEET 3]
| - -~ EREFA™
“ BLOM bl wat ~1|| # . kY [E— r|.f b (Y] ! . ..I...r S
_n...-. Lo A.n\ PP \ ‘ _ ot =
f= e ) hilld o , N e
i 7 ..I.ﬂ - L [ T Y ] 10 e
H ! 1 | A — ,~1I‘ (A N]
. .“ _" " LenLw J w _ * [
N T Ll ~uve
—- - o2




-1

yorwr w2l L)

WS T YLYQ

3revaty 14 ln.vr‘u\)\ln-bﬂ__.d‘ .an..\m:-\... R ARG Y]
wmpa 9o TIARAAE wEa BNY e
e Bioyd ey 5%
f 28077 ‘ 7391 ~ PR ki ] M
b . N TR O DR
. B - " 0 I 2 " —
i _L o o T Jw.qu o
e . foote
_ 378 Pt ! R
o) g 2
_ ITE Coag ge 2o W X 012
e e m—— -t *
_ _ _ ! f -
= XA
v _ bay __ HyRat =W 5w e
§ v I ¥
r pioy  au asy e
- - _— I :
1avvA Lyuamw | { ems | sl
e merLd IV i . _I.....||I — _
w9 I (XK i : Gy
“ | viey, v S Vo T W
H ) :
@ - bl !
[F ———
- - - e e e e
i ‘ N | . —
e __. L \ 2||.H..u..\.d Caw boraie ! 1o awNd
N ’ oe ity
, L Ry ks
et i “ . TR
FLOER Y DY S V] "o i '
A ¥ i i ., —
| | L -
_1.......,...4. Pt T h P B
\ {0 Y
Ligatie | PP g e Yw L1 2 IR A IY -~
2l - , !
ﬂ /4//!!!! ‘ wll I DL B s
! A . - A .— o
i | 1 L ~yLLay
A T
! N . s
- ;
' e P i
- L {
._.

_ Le

liewd

Luv
a9y
4
.

-
M
a
+
a

—
| <>
“w7 T .ua:n.dl
_ ity ERrT el
! e
. Gty -
L...Immhmumlu.ﬂ..!.ﬂ <o?
. P _—
try ..s— P2 LT
et
ver BEY
~r
JESSILY
ywee'l
1, - -
*\...\ - —

JAnpA TRV ETY . N

LI B 4 e )
RARLANFIATO )
[
L

- - — L ————

Lacyq L S e3

[ o

—_s L m TR
1 1

—_ ST .
. §

— IR 2 b

- I oaramee

P

T

~19-




£*c
-
: Tl = L ry P X 10w WA LYY
m“ 28 ~-Z
w br...mh H... s P nd !
# ~ = _
! - o -uhl“ ,— e
5 MeamutRE ve gy : nyg- wl.l,| } p
e
Bpsfs e ) - = L
, = ~
. 3
el i fwmen WL _ ASl- ) = w -
; i ) . . ) J
Vem wTens B ny!  as M.u_ T Jﬁl . _ nulwh.lil .
P I ETOR A . == 4 5 £ M= 2 s
' i ol e I .
s e .- b Ha b 1 ek M T = AL ‘fl,.lo o
-7 - T . R LY A o - 2
AT R N L R A S Y i ; m
. Pl i - — ' e
ML Y R Ty T : —w|: _ - - VT : ._
' - —— N
s —~ o =T —h st T TR T N ol I —_— A
S o 3 B e an _ <
' _l..ll... 1 i ul_“ ! [y — *
e = PR T B = s i3 —_—= 4
iy e ~ 3 P A Py H.. H uqu..l 4i V Y
i - - — PIRL
- paT - e
w2 i
= ey eif: -
s - ! ot _ £l = = .
—= = = N - N
i Iﬂll_.l i ¥z, v o Lo "~ [ — - A2l
LA AT L 2 T - . _
=5 5= iy gt ¥l v e - :
= S .Ju.Wm” t - - }
7 Th o~
' !

|
I '
- At ogrer ey ey | e :
R c, 0 A..... aut el Zedl A -
..l;'% 2 .|l....|u|..ﬁ|._ v T ~ ] V *
= 2 sy W33 s |
| T oL T ! i :...m.ﬂ
- LN . v ol e e e e e e i !
3 1....\\} — 1|— bt g _ ——
N T SN )
| 1 IR L
5, I|||||. |||||| — N | a o
_ ot eeed

B ——

~20-




"
h]
-
o~
i
£yl - vy
Ve LY
\umm_rl.m.. . T 5 2 n? K 3 Toher  STYA
Svpen - WIS :
i 1
: 3 Na mae g _
1 S olhawnacr) s, 7 YL
R I herasrgt Y
L
A_L
(!
<=
|
2
Crotsd ....u.l..: ?__...L. ALl
o i =
, bherees Yo, e e Ll.:u st gy |+
i _ i Bl <
! ——
|
WE f2C4s C : <
__...,..-.....u..
_‘ TiLA D 1o ltey Lisw d
htiray m:rt.. :.E.)C un
! _ |
RE =T s e F .u nml.ﬂ.nlﬂ
. - e I e
%3 /v 20/ .
i — [EE—————— —_
m TR
'
i
L .
3 b
\m ——r———a —r—————




)

£ef o e

RAF R

~22-

T .7 ,
— . -

S e 3T IHD
1

Jmyan o eQ

Aojecpt, A oerao

—
s o v
SreFam~l /
...qrfﬁq L

JJLIHI./ -
I.I.-F\ Lyl
TR Hll

\\n, rleveq

e T o aa S WLATIG .u...‘—

\ \

31w f..L llﬂ./ 2% 4II.|||| lu AL
?
I

_ FETe
' bel/s M
CP] ——
nm_.m,_ S
— a9 i/
T
)
ANE —
! | s p szl
n —_— T ——
..JI.I.[_’II[ - ~ -
A o = i
o o I N
—_
—_—— - <
P ~ == S # 2 1w 7
- T | 200
_ Ve ‘ e . -
ot —— s | - - =< tesy
e -~ - | d “l_n\-\‘ —e—— lu 1S ALY
l-flﬂ).. T o T { i . .n
_ ; i Id E ) Tamsinl a4 ._
— ——— L . —t— — — - - - et YO by -~ -
| PO T e h
. ——— — ——t P st
27T N4 LI PO taee 1 St N vt
(Y% bo. . i i :
o o 41 ~ - b I " _ Z ! .-H..n.ﬂ
I it ] N R
LI fad daed Loed Yihdt d td Sare A Sl i
ity [LA . iyl i PLE - - -




-23~

SrEA -2

—_— e ——
_ Swars -2 5
W e b RN
i m . AN AGeE 3 T 0 eTIe
[} k3
; TVt Laglas | M ™Y
| . - W Ly ot e
J T T ! R T AL R
{
{
e € _
woverre Gty -
. [ ﬂli_ <o F e
! . <2 M frpers e BT 1 5% _ 2
| Sieh — ] ___lw)uuﬂ H 2 T T
| [ S TSN _.. _ SLth LMt | {_
| _mi ' T e \nl_..rr.oh.\ u_.._. i 1 T ﬁl o L
| : —— ; TEy ti ey e 2 T 1 \ iy
—————— L IR 9 i Vo= .
+ _“ ; _ L fl —_— - N .I_.ill R B S | e — PRASN .. 5 Gy ey
| =TT e PR w . - N
e} LR i * 1o _ L it Vol Livsy 27
B himeiern L a3
ey = wlhw.w *
__ % ,
—_ . - —_— [e———
T T e A-eo TR
| == <) | TR
| 138 LN 13%h == P ey
' _ i RS
e Loy n i _ S gimil
- . g 1 |- — i d * __
] i b f A | . a4 et T
Farer dus ot | anses __\h_..m G | Larr[vin P L 1 L
i - il SHAR) LT ey s nor o e, T
i9%e ra r AP B ' ‘
1
I
1
1 e
ANiZainag A Ross fecs 0% i 20T Ci8g 11858 603 os <05 ibg oS ag e
cen jlll rzos _|nrn. o ans ﬁ e w s *y.«_ou @ns | oS aom oar. nou acs
" — ._l]! _ ml : _ _ _ _ _ A.,\ . _ )
|__ | — ¥O €O 20 10 —
“ > <0 <> T <[> ° u\w <i»
seoy : ssob . stob $c00 scor scay
1 - i ’ | Nl

»a no 20 3 544

JELL] LI [T LT LT AR

&40 0 %0 10 g &0 [2.] 50

LT




24—

i

_ AEEH-2

brrrsv= QT

e Fab- T B ST N Lo B

] PR T T TR Y 1= ' NnL ‘wﬁ\k IR i R '

" T T tanas
5 e 3 -
PR I ERY- ¥ PURETETY | e
:
- i
LGNS e RN — [
! . - _ [

Wa e ez (131 _ LQy
GO

3 Loy — s =Tl ¥

- — e e 'Ah\.'a

.-III.;..n.\'ll.l.._ : - ray v )

e, mmrene 1 i H.Ez}.

T +

o

\
|| ..__In.,.llu ..lI.
.I 4 _ |.. ua..j...._.u _ua._. _I.. #:l.;!u /....,..
+
“ \ i e : .o
A L — + am s——— - R ——
00._2[ EX IR FEIY .Iu_li d T T EEI o

I - . ~ .,n n", T i f——— ) _ L tta -y

TR

AN
Y
\,

|
L
:

S T T Qo Iy ) .

v r r—— . e e —_—
. I3 a?
“ Fan . -
- o \ TR
FIIL . . —_—
T
r— — i
\\._0 \\ 7
-4 : — <k
— .- e 43 k ANy ae s /L T —_—— b e e L [
! 21 Ll ! - . S—— e, - vn.\n
Lo s H ' K
! o —— . _— —— wn
: T TR 5. it —Im...u 5 . - &
\ Ty B — —_— - — v
., 3 ——— O in 1 1 Y iy A3 R <o il N —_— JRPT, m.".u_
, e P e | . iy — i Colpme TN v 2
4 SL4 —_— —— - =
', ' o, PE N IR 3
FEITR Tes 1 ) : 3
! A LI S I L T ¥ B o e 4 e e ——— - P - — . i
ey ... I * - R — - -
LReolt e “ — 4 et - - ._ - O /J s \/ - _ B
—t O : ' nrtes [ & —_
“v1l — o b m— — ; 7.
P _— ' s
! 2
; b
!
e
e
—— e - — -




A

£

T e ey =AMLy

R

)

oo N o e

OSELNTY AStaiie, Qe Q) .

W.n.\.\r\.

vy ..\l..,.T 3

Y dice !
7
i
i & ——
. _ il
P —= .
| T
MR Y
S Feras
i 293w
=T
e
. — t ¥ :
-l 1
R :
T ! i
- !
iI= ! — —
== i . Er ol ap j
IR Gt .
= . ST
¢ — A
~EE ) T — ° s
— _ SRR e
—_ L SR LEN-] . .. e
e Tirm h. f i
RYpos _ ! P
. . — - . -F
. Py
Jor ! 1 — e ﬁxﬂh r .ﬁ
—_— ! e -
IR : oot ’ ~i Efa Yege _ .
- - ' . -
P , [ v tome e e S dar
i i T T— S
ir ! ! Ty L~y
» T e N b ey
—_ L drzee h P | 2o
& ” _ - 3 Sy
L / n..u..u\_.
—_———— -
. L TV P
——— -
Lre vy i P LT R
i, A
=+ . i ! ﬁ..:..‘ Eraag toaw
Unlmm )-n..l_n.ﬂlv....\lln._ - _. L i _ 1 ~
—a ypmo o hpi ....-.....-i..;._ EEeh
- T 1 '
: - ' e mma
< - R 20/ Y T2l a? ey, D~.»VI-.V:\|.J
— ey tn i
. —- _ : P
! s ST -l oy Pt e T R YR
—— ' T Rl
R
- - oL ! LTy ;_.l ._...1. IuJ..F.ru

1% PREFL.Llrg
# 1Le? il

sop FAk

VLT F
_

QL2
oo
= T3
) L T
iy Lo | ——
19 ' P ~ 7
TS e,
:___...Ivﬂ...ﬂﬂ S h
Y - -1t
| btcn LA
AR ) 1

ag ="

1 Al S
T -

_ ey
o

_ 1 o

v ‘ EaT

™
..'... - SV _\vtll.
{
LS o T YRV

N

-5

3

M
i
w




gEon -2

.mc.\%.\.\... S = GINIAIYD .
: Ll Tode S Y- SO VY. 3 i
“ |
m .. AT B Gy e 3
! | :
uey
Eean _
. i 1 nn_\i\ )
i LTy
! Siop travazy
. g
T I I
cor N G2V
L o141
Rk
Lije2y
“ ‘ Car
A| F_h
| stes T
1 n.l.»
[ ~ e Fmihaina
n\w\ \ > a} ‘ v g
s o
-

SN 2an
o..__m_n.q
Faa %Lkl Fli
g1
13597 | Lo Lhe
~ | e ] M <
— " —
_.Ii..rln..-. - ey _ -
..
T 75 EEFEL)
_ Sioh T $10% —Zar

Loy

-1

R

gIUl-l . PR P lqulll..l

T 3791

| ﬁl “i...,.._\

|

e s
yten l_.\._.r.-lhlv

oy D i
rqvy CreTed €V RO -1
o AN TR e -al!
EYET- IR S U
ret¥? 3G Jod T
~—wn DY T2 -
caen L 37
iy oy Ha 308
FETUTCR-T R A
PP AR LRt
bﬁ.o.. $1A%
‘ o 32
% T =57
mll.llll.“
=y 2T
i
s
e 100y




e e P i

=t
[ e
T a ju | M 9310 axed
E 2ivv3-g NYDIHIIW "HOBHY NNV
MNYDIHIIA 40 ALISHIAINN Y2Z2INZ SHOLSISHwvELl VY -6
S1TN CZ SSINMUSHL

WY gcr®s 037 ws
2807 TOHLINOD
AHOAIN ONTAROD

DNIMIINIONT 40 3937300

AHOLYHOSYT HOMVYISIH SDISAMA 3DV¥dS
HZINIONT

I-H

< d NYINSIIYHO

Be-8- % SAMNId H M

I W32 Of K33

STtk €8 HILIANYIO HINM

L STTIN Le HILINTIQ MELNO
N S3HAW 1Y v

1 a3SN3S

LA F At

¥+ Qv3y

SONIQNIM 40 HIBNNN -

Beiyn! S$30Q0t10 AW =T

dWO3 eI SWHO NI SHOLSISIY, Y -
=gd3ivo(Thl ISIFBINAO S5 ITINN -,

-27-

IIMP

-Unt:..h\_ =

¥ H |
oo

. ﬁ.A..n\G-‘TI SEWId kI NTD
ﬁﬁ

Giv g

oo L O A
M
AQls




14}

=

CLES -7
: Swr v

fJJ..l#.
= ZET E Y

Se Lm0 T

et e C
VS LTImIE)

Lot

sV oL T

-28~




o

PINT R by B

Lt TN JD T Bl I
WM LA SEYTE MY IS M SIS Ar FIVAS

3G S5JEITT Y

LY R
A F1
[
A ]
sl
0y .

—a

L

1
i
'

HER 2t}

ot

L

ALY 1]

«

RN ) |

w

——— T
71Tkl

-3

= 12350

& m—

)
o
By
[a)
w
o

29—




[
b =] > o ann el
i.ws g2bH3-9 NYQIHILN HOUMY NNY
- Str /Y Z=FF—_03UTD NYDIMII4 SO ALISHI AN
—— — 1557 T0ELINCT ONIMIINITHRI 10 1217702

AMOWIN ATYIOHL

AMO LYECEYT HIMVYISTH $DISAHd 3oYaS

= "3 % Ta ~venigunt | 24/ ShANa M dd it

e T e =

2ivivs — ﬁ 2Lv5es ml
—

o -_— - —d 1 I

—_— - R, Ul.l

. LA g 2SS e

e T i e e 350

—— e

. M e
\ 244505 .
l J— i
: ZLYEYL o

m

r—--=
[N

) (41} i}
3 _ _ au _ @l
|
JLIRAL e: \a .: W ‘.: ._T
~:m.... ..E, -
107 ¥ a.. ..4 q .W _ 154
nqa * ._..:. ..qa ~
FEL] gy vl

3vd

2L95%6

- o ———

{th

"
1
-3

F43- 3344

bt
Y
a

_ ZLESYG

2ieGeS

248506

e

c.an. 210 __o__,:_.. ed G
IR LY =

L G n_qma _c._c ag e A
5

249005 19 .

gl A ..arnq w.,. _...-n,m_L g

§78 _ 3 k] M red —|u¢a &v8
479 VR tva 173

ty

T
_ Ziviyn i
e

i 2L 5YS z

Z4v5YS

24 vGuh 35
T T kl—nlﬂl 4 Ete,
evd kL Ul Fa-k: I g
Fe L] XU (%41 B

-30-



. ey " T gy T e e g b 3 T T g gt § rm T m | e e r— - - F— S T
v
-

J——

PR3

Tagesv = 221D
3T e Lo

-31-

1
_ [ 51-%1
i _ soyired, LTSI 2

, i Bpsimy TIOL TebySOLd 3 ie \ re?y

! - e BLflef s Sawm ity i Lorevas  PeRIA R

: -
Mzen Gy ~ A~ b
Mopnd M T AL =
i+ ey -2

P
9% san

' - Fp! g1 \‘lﬂuljn......u
o [Slvid Niskl [t b} \a- 261 # 231 HJU.M N G‘l —=3 ﬁ

| LT

?0 19 20 19 o yi'&.v —l
\

." AT j .
s = -t —_
SRl [, iy _ ss0¥ PS ...-”nJlll.lfl. et |lll\ L _— It
H .T.(n. i ) B LT g
— w £5 p ]

20 ) et d ™
J rll I.P \\.\m ™ luwﬂw [
m InTe ./. Tete .(._.._...wu..../l 5~ ;

Lo "t =t

.
_ , )
|
t

nnm‘ ZOE| G

e — —
4 I8 .. & M H nmﬁ.M Hﬂ _.“Au.nm—v“‘ &

!
L .
Lty H Laraw! Litewl _ bivew ]
v . P Bt .
- . —_- 1 ™
B =—e e & O - L _ -
- N - - - - ._ i e =TT = ¢a - - I./rd |..._
- I . -
-t N o = o -
e m i — : R - -l — _ -
...Ia“v - - ||l.h il - i —e — ” g .+ - =l —* b
A = - v i .
- . i '
- - PR A —— H ' —_———
s e ——— T T | .|l|1.\.u|h 19 .
I . 1. At _ ) I m.l
— i ¢ ‘
—rTa P oy o d = _
™. —l e N Py : — _ 2 -
' L) | 1 i 1 1 _cl....- |- e
' ve am : |
~ - ’ r - — ris

L4
m—

T U ST S N7 - L P ISR LY, WO o uu.i&d..ﬂi\ul)i:fﬂﬁ]j:i\ﬁw.




-32-

- ghpEN T

L f
._‘\\\\ ST A L D
nJ\u..-_\ LF)
Jie 2 unww.‘lxcp. ]
I R TV I I FYR FL7 4 AL

i
i .- - — 1
; ) ; nf R A S .bn\.m\. fter s ST
; ; .
i
{
§
i3 L5 L% TR
H LE T LS “ =3y L ke
R A == i
_. | s
v . s . Led
! - - —— L3
,_ S - _ Sy R
o— —
il -
x e e &A@ .|.|_.|_.|II|L Le 2
U A I B _ —
. w...._,.: ..L\ L5 L3 ...\ 3] 2 [P
SN it Bt B N N B B S
' i I e it
Illl[.fll._ .WO\.\.. Ty AN = e _0.. L™ _ﬂl_\.
- - bt . - T - - PR — | .r-“l ....l e ki L - \.l
oL | { o . :
A | . | o [
g ; ol L
o e ! B ' o
m ol R ] .T., PR T LY TR . v oo,
3 P, -
. ! ! f - e ‘_ o
, y o _ . — .., " S e
. : TR
" , |4 ) S C . . Lice )
oy e e S R P ”
P [ B i _ " hlr. ] "
: T wr TR INLT \ T yor L w f
' ) i o 157
Lot . PRAY) . ™ . H :
3 : ! 45 LU P ETR L) .l) s s P
|




-33-

Ryt S -e1M Y2
£ Jiw tiy RN

£y e Su

A sy e e

- "

— S |
. \ i
; R o
N s
L —r_u
At _ ‘ . * . et a E]
. R - — e m = Sg e, -t T o ~3E iz 3
= ife? el U__ pay :
NIl —_ IXals o —— "
; 1 Sera, vt I 50 1 Deng - Bl ead
: B | ez __ — xan..”.. iy « = > & § 27 ¥ e
; V== . e e eipnid A T Lo
R Sl R [ T SR Wb bt |
tos T cer | Cowr T YT Lmd . =i
. . - - wal W
a1 D07 4Rl L9 pey gRd pE o5 T
i
1
* r + - . - ; - - - .-, )
port T P : 3
AL LA ..._x . o ’ o ;
b - T = o e .

N 4 Te e 2t

T Ty A A B

- e .o ‘e - : L T r trt :
" s r Z
#a A A} fad] | X ) Ly ) 1y L3 :
i |
b | IR U N [
A * - RN ¥ VAT R AR
PIRN - P A JESTAST
P _ N ]
LAY M o Ty hed St ey 1390 R
Yo, law ot 1. e em e raly 0 vl

TR R ROREE




-
.
i | .
L2}
i
7
- T8
m - \Q\m \.0\} - ' - ————
3 W2
3 o e BTV D . .
w Jras gL~ eI . o i2 3
,m ” T+ YRLFI= s s ST H "an ot H! .
Lo : £ i )
= . - a3 el i 3) 1 . _ e .
; _\dctum.h.r..a . B AT Ly _ N.Qnu“ g femast T ™
1 - — - . N o ——
| 3%
., P ,
T TTTT T e e — - e Y ..
u 4 f>osk IR (71} 12eh L=
. “ i IR 't
. = o T & e —— ‘ . Py
] Cy i { ‘ _ _ ; _ ,.
: <1y o o "
B ! b
“. <t <1l w02 o
w /
H C )
: ar
; , |
: |” <o ﬁ o —— B
| o || B - Rt -7 T . P
| ) Ry s )
: ﬂ|| : - _— | sen o
T ! - Vo [ se s T a4 (3¢ -
. ||!I|...1 b -
— .- p
e T R \ , - Y
_ YLs, eyl _,u|| AR _ | __ | \ ; oo _ " \._. ._ h _ __
s s _ (Y] % 1} L3 FEP IR H :
- v w2y (9% i
L ey m
L :
- 3
e 95
T R R |
aPLh “ i> Loy — oot . .
[ i
o . cerp | 3¢z T
. . ')
I “ { _m i \ . \ , Pt
m [N Lo g
j WOt o
;
b
m La )
. L R
B _1 ) T =TT g
3 e —
' P -
Y Cieey oy : .
= I VY P P ey
. - e
¢ % J H _
- - _ | | _
. : — ' ol .
- N ' —. B !




—SATH -7

I e M e e
Rejir b v IR
: 3ot Ve—vT .
: _ m
i ] !
] : | T -Semg=wg Aeysral £
: ; i W s N TN
g f - e mme
w :
S =
.,)n‘-\w .M\Q.,. ].ﬁll&\lli.lll [
_ e
- i
39 2 O Hpeo oL g :
e e
M |- _ 1 _ _ ~ — — h
s , F I - "
H I 1
I R
.H ; H m i _-..l o - o B
_ = o
| ¢ N
! M O .- 1
_. . | P - i !
| Lol ﬂ _ (
! T - _ \ R K I
Sara Trognd ! SEos H L _ SENH U,ll.me.lna.w.._.-__
_ ] ;TI.
_ L _. | .am... e Manbes - u.mol_.,..l..é|l..l..m.‘..
M ; — ' . h —_———— ' i — .‘ —
AT e €37 ] oy o th? J _PJ e
£31 3 w3 X% AN AR
|
Tt
m P
i , ' ) h_
m 4._q\l\.10\ , — - - - - —_
m 295 O g1 Les _
m {rey . D.&_
. if T ) T
f ot L .
b» T N I S R T I R

~35~




- a F) g N ey

23v53-E

Svery T3-0371770
2507 SCHLNOD

Craaeltd e N |, ST N

MNUDIHIGY aciay NL.Y
NYDIHDIS 40 ALISHININD
SMNIMTINIOND U0 3237707

ITHOSYT HOHYISIY SDISAHd IDVSS

T OLiA smenL v

Shwngy w wmiiniTh)

ERLILIFY o—-




: '8
1 a o H OANEA Lues
vz 20ch 32-9 MV STHIIN HOTHY NN
SN -03717v0 NYSIHILN 30 ALISHIAINA :
219071 BNIHIINIOND 40 3937703
HIINIAG3S L3N! JAHOLYHOEYY HIMYISIH SOISAHL ADVIS
v S, -Ta=h . BAS MNYWNSILIVYHQ TIIMCTTD PRI INIDNT

€2 GN 38

| Gx 3Miad Lo

b i 1 R R R R RS

. IIN3N03S TN

43¢ '00T HIg $3724D
$80-NO OML 40 XPA MOV
SILYD _d0, 1fqni-0mi

-
g%,

i
ﬁ Con

L i

310N
7 _ ans
~_y| 12w —
_ or < 31l |
|
,, d4zZ0v
f _
i A,iclu|_.m|__....“l.m.|
. —— Fyep————
L A s i _“m, m.:u
|
* uns’
N T
-
oy 4
.

— §
CHOr .- i

N .—Ifr.-.A.

s :

A

SNQILEIIMAY) WYL IV PIva R L
SAALTINNUD FINID 4G TN

.J..mn.:..._l_ Y

<4YS
TERNYS

GN9 21907 N

ITHEIAG
ENNYN

4
389 A

—

n A
~| — J’
a0 w™ ous wlL SAN
-o..._. LTl L .
‘o
Bl

b—

350173, WS

N S
—l.l —. HYtarq "
43S Jma & wvr ERLFLMIEEY e

n e st

L1y




: SRR T W)
. WJ\ N‘I. \.\ ! - ——
1235 5 -4

Swl ST e

S5 Lt ERYEIRY

“sd5Nd Dgnn u..\v..v:\

OyLyy Fd QIAME AzHLl T IHLiGdEA

T S (21 2249 3aven

rd

a.o31I% 38 pn zZyy YD I

e BF DT
= _W v R /
U al
M- N _
MLLHT M R
E
o e
NLﬁd ~ T
V5 o
r— L e Cam e _..|. " )
ﬂ -|||l|l|l.|||l .U i S N — .
2Ll | : Lo
A. i u__uU : ,A_ -
. N
> .
2ot g s
Jsl..ll.v i = ———— ki 7 e T — —= - n
#
5




£°8

NS e
.qu..(\._ |m..,_),..w__\sﬂ

Z I

&G5>

318) £

Qahd

\EELRIRRLY IS

R

)

e RTF N k
m-- L \..\.m

. T T e

.

3

E

N .
1 .

T -

2l

443 T

1
* HANIS 3N ™~

N &
L

T

N

AT+

v

-
o ——

i [ IF

ey

-39




AN
«
J

a—

‘\ .l-f

N
FaRY
R

iy

L~
"
s
"
L]
]
™~

Y ’ '~
. e VYt TN .
A f LT
— L
A .\'+ K
I IRY Y] Cy Lol 4 e ._* w o .-....I......-;..__)\_ - .|.n? ...”, .
AR T Y /’ B @7 n —VN

LT DR
m. PR
ity

1 e - - I —_—
AR
L - - TS Ty D
= /2432
AR
SIS Il
WID ENEAS L ZTU e
0
S
. . *e3d .
w S = - “...G X0
>3
Sy L 5
i S ..|.£ e UHI R
v uf.l.. w2tz g M F -
SV NPILIIN) o4 0.1\--.;/_ L 2+
e M ik €37 o4
o
< h...\..r.(.,tw Joamaeatd /_. e I R B Lol SR A
% o \\ - - . 3
~ . L
BN
SRR . R R x

H , ||.. .- I b D

wi/z

AT
m
e

..,\_\P

Pt e

40~




-

T°CT
1 a 5 a1t s
Favs DA A ¥-g NUDLHDLN THODHY NUY
i r.\\dq\_\nl}..u\q\u‘rb NYDIH3NN A0 ALI3UINNA
— =] \u‘,...r...u O T RO - o418 IINIDNT 40 3037702
— Lt LIo w9 = AMOLYHOEYT HDMYISHY SDISAHL JIVYLS
s S I IIEAA % maie _.u,l_ PEDT-1 .9.0 - st
W om? - S0 PD
@ - 2o'to fadp /_\ i
K110 ‘ | |
qw - Suiprg ¢ WG . < . N.v /
; ~
IMEYd IINIVILET . 3% : \
h. ; L o= TTTT T N/ - ]|I.I.||1|.|||I_ T A= w il'l.#
! I Az i H
o Nenare s YT . B
\.rr- wdnl a3 At B e e e e oo : = wll (o/\..t
Co o N I |
i i | :
_ : _ _ S 3, _ =
| M | 5 M = e _ b
m . S S Y T == ﬂ ; .
i . 712 W w ' =1 W Th.u -is _
" | R —T——
G @2 _ _ e ; _ _ B |_
v e T
o I S e .
? _ _ i ﬁ_.l e 77 - T: \a
_ I R O : T 4y
- ————— . m i _f P
AR L2 ga FT |
' : - H
el | TS ._ |
| | o | _
1]
i Tw . —--.a B IF — e e B = e -|_
w Y] _.:__ t
~ _ ! T _. T
MMAJ u 4 \// i W
A - ] S 2. .
r_‘l. — N - b A Y : _ W '
-~ _ i : L) = | / !
Sk N = m Lo ; v b /
Y ﬁ ! i > #— Qs \ H i
.ln-. _ . _ o '
= . |.._. .— - 1 [ ﬁ. - - ; U.l
” | 2 — TiA -y
.._»1 W ._u_r» ooy . . { —l ..\;...rl —— e T Qwy? : .
' - J In TR <.- T .
e D=V c.ll(..c(lo!H B o e ) . : - .Hv ﬁ A ~J |
=3 vel _ _ | | ) |I..|.III.L |
~ _ “ “ .
T b o > o) .




—h-

E Ll a 5 L oA aen
;
. av: | m PR - HYDIRBI SCHMY RN
& T ot - Gt P LS _.:uxu..,h.u ..,.n..._uh_...:”.
1 ot S R SriHANLSNE 4D IVITICD
] o= X ¢ LYECEY HOMYESD i wd FO74S

= .._ — il Elr Bl gt =y | AEG L THCEYS ADHYEST .mU.m». -] .

A _rl - YESETEEE VR Mt et

. '
Begmy = S6 "2¢ e

3

-
i

9> == AN AN TuT

I
—_—c— : l :
j i i = I
. —_ - - -
o —- LJVM.. ‘ . 2 2
: b e —_—
e e - ) . ~ o~

Spl).plfietr g

| ] "
' S 2
| h o gaai
, , . - < e e e e
' ! = < ﬂ,
: | | - 5 5
[} _ . >
w ! - -=r ” .W ! -
| H IO o h Wt wma T <
_" 4 I B <
' | _ : <
! i ' i | = A
w _ ST, e o - — - ll.wi.. PR & R T T — P‘!l_
L . ! =
w K I s T et o - s _ o5
L - 1 T o - PR < =
g et r—— - —
PR T k| 3
_\_l.-l..l — -
P
vhﬂ\ fo At 3
i ! — e -
Lawl) & S .
L
_
]

e e e



.
| i
|
- ;
| -
! 5
M !
P
i
i e -
L L . 5. s 4%
i 1 [=1 5 M g 3 oanet
1
: 2.0t 237702000 9629378 LRIy
; Iu|.|..u.,.| - MNUGiALA 4D
M u- ..I..l AS/ 3570371098 Ariaddt, Sl ol >
; R Cegie dI.cimdny 357°d | ARCLTECEYT ~DHYISIS £31Sard 35Vd5
1
, EFEN A TLT o MTATLITHT
caseeizhyAn " Lish-aTM ST 3%
i
=
2N I A LN,
T . i3 :
A S
L AR LY
amii YR
33 v
L3288 Lula 3N 14 T 1 !
$31Cn i
e e / - ;
A, - - F 3ITET. 1 :
“, H TR 4] . ps/fned T ' :
: ' e B.fr == :
: ! N.—.l BY% cife ; _
: I AP .
: i ifh !
_ . [ '
3 . - LN :
d 827 75
j . AT G2 T 49 G148 6! ASIL !
i 3% 4w 210
i /
.w .. . - xtn =% =
i ; v C"tab
i . w2 I Caews
| . 2 , : ! RT] - - = |
; : (%3 1 |
; are i | 1
e = . o - 1] 1 28 g,
: A .5y i
; LY 4 1
$ N ﬂ Fﬂr“'u
' | = wA w : i O
. ~g—q— In
. — [l I E R ) s
; e _ RS . NOILDTiD4
f SNTLES iRT B vG R 'R AfN: H
W _ Su . _
o ' ouu y J mel S Tu el |
Ll i :
i P — 1 e - o] 3 =
! Loz b . € == : - nmL xm“h .N _
; O— rrram e b —— e . . ! oV N— —d - i83 .
i ~u...r...\\.~.\i.|\rw gy 2 . Lo AT 233°10 !
: - 3
! —_—— = e et m e m m e mm e e e e e e o e e et ==
|
i
i




3
[
L
v
]
]

I e

P

- ——
L ..
b [=3 = H oA a%wn
Saw Sl S-3 NYDIATIA ety WY
NY DDA IO LISHIAIND
S | SAN -C3TIT9S SRHIEIIIONT 40 FBITNCE
‘|I||.” 3.3 le 2373 CLED AHOLYHSEY ASHVYESIE SOISARHd 30748

AR - AT, I FIAEL £ 11

APk W w F Tt M T

= %3
I guesew

oL zv " i-ku

chld

13349008 25 Meies

Jasi DM wD.A n3hel.DA M .IW

LRS- A VN RS E e
L ava st N TavE Y !

by P

A




bl I =] Eoreans ot
EPE gicy 3 -2 HYDIND v, dGEoY Ny
B SAN —03 11795 NYBINIA HD AL EHIS .
: [ o2 N =03 N
. - - . FINTATE e 3 -c
. ——— J1S0T SNISSIOtHe viITC DREIINIDND ST ITANNED -
: o a-gvi NT3dIANTS iN.Cd - CNILYCld| AECoTEOEWT ~oewIG3M 5T.5anus 30¥eS
: e e e
: - 8L %% PN S an g w w433t T3
:
i
i -
1
.oy 3 3 L E L5, PR TR ¢ X x % A4 x £ x0T ;L LG 0 s 0L & o3 0 Lo W LL %
!
s s zororoaoa LA 303 0 6 W % % % % % % ¥ Tic 3 9 & o5 8 T L T oIio3owot
= T oz ¢ ¥ 3 3 L 3 [ T % U VHER ¥ X X X K I R R voL %
" ! - - - - - - -
-z g % £ 535 L & & ! 1% 9 P T A L T T -
L
T T T A t Tt ¢ « % i 7 4 % % 7 % %1 L 3 8 & ¢ o oC o oLooLoo
_ T 0+ % 3 L ®B & WI X L 5 9o 1 G w w ® % x A x & x A X ¥ T D L [P/ TR (R
; — i s ————
; s ¢ 3z . & B 51T EIIL Tc T P T T T
£ —— - ———
{
- T A S R R S  w % x m % % x x x x % % #£i1 ¢ L v 3 2 T L L3
T ‘
; : s o€ ST oIToTTETSL DL TG « A 4 % x wir % ® % X ® X 4 ®.I L C T L I 3 L%
; CN $ToITotroeT sl ofd : ! i
f ; -t
H coof & LT oTToIToEarovT oM T B R VI X ¥ # ¥ X % ®x. @ x x ¥ ¥ & X ¥ x,T 5 4 o T 3 2 4
M g £ o1 oIToEDTToFI sl R (D T8 61 « % % % x % % mlx w x x # % ¥ x w{I o C 0 0 30D
: N J— —————
j & 37 oTTogoET s oSTowl il G o101 X % ox K x o xo® X Kix o x ¥ ok K X X X % 1.3 9 0 & °
S R
sc o7vopT LT eI oGU .l 1T AN LT A S PR ¥ ¥ o % ¥ R A K XX Wx X ®x ¥x x x x & ¥ 3 j B TR
R — e b
....m..m..uum”m”...“mﬂ:_““ g ¢ 1 1 xxaxxxxxxxxﬂxxxxxxxxx_uouo
7+ ofTovIofTT 9T LT ST 6L S i PO VR G ¥ X A X ® X x x ® # K X %0
TToeT T ol LY oBD .l WAL i [ S & ¢ % %X ® & ® ¥ A K K X T3
st 5T %0 o1 81 &1 0% 1Ll R%; A S S 1 x ® x K A &£ & % x X X L. ® 3
ﬁlilll.ll.l.- —— ]
= T oz g ¥ $ 1 Lt 4 (S n 1 & € g 1 T L ¥ % % L 8 & 61 [T ZT ET &1 ST 91 &7 81 €1 &2 T2 F R ¥ AN 441
i i anl dSLY .
: .
;
—— - J— - - —— . -— - — ——— — e ——— B et ——— N — e e

e e




.;. l.rl'\. .
‘\1[‘\ ]‘]")l
By Y

—hr-




- T e A R
7 RPN PR

AT/ERIrLt ph OEST 31370580 ¥ WHOJ SIHL 20 SNOILIOS SNOIATYY s avi 12w TRV
m ; | _ 5> u:m&
! _. i ~ vou ZXIfETZECHTO epozuz .4 ‘”
— | | vou ZNT/HYECTECD 0% :
w _mw Vou ZNT/H 202140 3055990380307 _
| i _" vou ZNT fHIE0TORCD $Ci0
ﬁ f _ Vou ZNL/HISL090D SORD | ;
_H | _m” VoY ZNL/UTTLO%UD SOKD |
_ _ vou ZNL/TIGE90%UD SOKD m
| ! Vou ZNT/HE160%(D SO0 M
| _ _ G /0TS8E-R-"1IN VOx ZNT /RVOS0YTD o) v SIS
i ﬁ _ CS/0TS8E-W-TIH ¥0Y ZNT/HV670%C0 SCD
A ZNL/HVSE07TD SORD
W ; m Vou 7T JTVE 20 YD 500
— _ . VU ZNL/HVEZ0ovaD SOMD
95 /G TCBE-W-"TIN VOu ZHL JIVY Z0Y U0 SOKD
| W 05 70TSRE-H-"TIK VOu ZN /IVEZ0YaD SOWD
" i T - Vou ZNI/1IVOTOY (D SORD
w LG/ —R=TIH Vol ZNE/IVETOYD SOND
ﬁ 0C70TSHE=ITTIN Vil ZNCIIVITOVUD SOWD
OTERT-R=TTH Vou ZNL/1VE00YdD SO0
T0¢=481 ZE/UTSRU-HATIH VAR ZNL7TIVIo0YaD SOWD
e S
NOISIAZY viL Yo 8Ll YI0WAN LOVUAINDD
: 5178776 oo GEOVE VINHOAITVD ‘aa1d LE3:{J0W TUITR 30 AAFSAVATUN o o ion
e e —— —— HAINTD LEVIIGIE STINY-VEYN W — —_— — — e
) ~- Het M wa sV FTRigATHt

AR TN AVE SERE I S 121

LN

IRORE

GV

LUV




! ~.
t
-1
(5157507 rL ¥4 CEDN *21370S80 YV WY O SIHL 40 SNOLLIOZ SNOIAR YUY i Avis pz CE 3w F
4
ﬂ SHUUYAHZY
_w { i /] =RWYILED TOLDEoU qoF s T
| ; II CI7S7INS T
_, _ SeY RO JOTTHY NATGOTEZUY TISIES
_] h : _ —STIXTH V=9UCTIE | SoRo[CTT A
| w __ (PT)2E-&-T1£-524SD STXITH (00LT-VH)COLT-D Tv-a0 |
! | £¥E£/0056T-S-TIR Vo [SRZRTAXINVE | z03sTsurag
_ A, w_ 9TT/0056T~8~TIN YIENTXIRVE 2po1q
W | 6S€/00S6T-S-TIN UoDIWog 96 HNTAXLAVE apota
m “ f 99 /00S6T-S—TIR dB TTLSNTAXINVD 2POTQ .-
_u, | |
_ 7 __ 9090%-vDu vy TE9ENT z03STSuURIYL
| % | ITL/00861-5~1IK 1L 87 TYKTAXINVE opota
m LTT/0056T-S~TIH eT01030} A5 LENT AN INVE opo1g
: 11 GOOSNZXINVE | I03stsucig
m, Y% /00561-5—1IN UT01030) COYYNZXINVE | 2o3stsurag
| CZZ/00G61-8-"TIN vTOI0I0N vzzzeNzaxinve | zoasysurag
,_ T99ETO0SE TSN ¥ 01030} CeTCNZARINVD | do3eTsueil :
| LoT/700561-S-TInW HTOX0J0) CPICIAXINVE | F0357sucar
! T6L70050 1 ~5~"11H T 01000 V/OGZNZAXINVC | aoastsuval
| T02-5t | PIBRINGISTH U/MTSZSNN SORD
NOIS:AZY _ ¥ VTl yagwnN LOVEINGD
_ NG S IvG SEOVE YINHOLITVI "GN21d L13430W dDTik 10 ~3TS30NT 0y ovyines
; - HTINID HOMVISAH SIWV-YSYN . G —e— L

IR EENE AVAD D AR B A P R

WV SN 1DAr0d :




L gl
. It
Sei/illTiens TUSE ‘31370880 I¢V WHGCH SIHL 40 SNOGILIQ2 SNOIAHYd We AVE A3l 22 Sey T
m _
“ SRABYAZY .,‘
1 _ : N . 6928 C-0—1iR 10 697¢2 wups0T /692 i mnmwu,hon cey) w
! g ] 692€2-0-111 T 69zET «g«%lmO\mmmmmn cplzyeEdficgtder) 1 |
| ; €C06L-0-1IN 120 <006€ ween=TO/E006€H | €TUSD nmn«auum _
_ g "I06E-D-1IK 720 %106 wrs=20/7T06ER 50Wi5 185 ¢ €33
M K 7106E~D~TIR ¢ yT106E waax=T0/7I06EA oD éx uhmao_ !
L ﬁ CO0BE~E=TIn Td0 C006E ST wxxrs17L80Y riti018180y
; J S006C—u—IIk 13D SOCGE g wyaxayTLONIY M8 A0S TSy “
,m ﬁ_ 2/7 KL Il Y/ | 203STSUsS o
w i m gT-d-11£-5 53uTadg #CTI9A FTELAlIL # SYAR AT |
: ! VEO7XOR EEEECEETT VOOYXO0R Z0R"2035T50Y
M T Z8TSC—~TIN 7DZ8TSE Sdwxux[SOONY | - A303STSoy |
w | 781650 —1IN 7d0Z8TSE Sileacrs LO9SNY nx.MOUm{mow !
| ! CBIGE—A-TIN 1d0Z87¢¢ STxaxrxxSC OIS I{¢303STS3Y M m
w | ﬂ Cg16S—U~1IN ‘1a0Z8TSS Sdrxnx LOSOHY IR 1035750y w
| m | F006E-N—1T1N 1D €006¢ STxyxDZLUDY | UOQITH* 1035TS0Y !
: _ | KO06L-U-"TIT 10 RCO6E SCxxx007U0Y  Loqar) *10357s9y . m
: : SOUCT—a-TIN L H606E SCxux0L0¥0Y | u0qaT)y*103sTsay . :
m _ _ SONGTN=TIN ™ JERTTTIAR ST¥##OCONDN | U0qITH* 10387508 w
| GLOGC-0-TTH T2 0106¢ Dl gV=20/0T06ER I% 1700 _
T . - TTFI9T0] RIV0G5 891 -0 L
s | bowneee T oo e8]
n KOISIASY VOV L~ LM hyagmny LOVHINDD ; :
i SITTTE Live SECYE <m¢c0u_q<u ‘a1a2td LL2440W USTH JO A3FSAOATUN oo oot
HILNID HOUVISIH STAV-VGVN —
B ULV OTVIETIAV ONY O1VG LOT00U L O m

|
_
e L




-
|
<l
. ' e Iyd AW AZUW ST ooy N
§L§7235rsL wL TS . 31370896 3HY WHOS StHL 40 SNCILI0D SNOIAZEY X
|
| ISHEVATY
|
_. i i -
| i |
” : |
: | i
ﬂ ! |
b 1
ﬁ_ ] !
” m ! .
i f |
_, m m
1 n ]
” W i
I ! .
. .
W " 2uTana
m 7 WOYOABY ZIRK Avidy NUTIUS 329Y _
m : poaqapng H ~ 134 0% paop Zuiov] w
ﬁ v ,H. UVLTdTL L= Judod ML IIT L0 = x» = OLdLITED 403990 G0D :
b I it .
W FITRSTH STTIHWOADITN L-£6T-], 2.0D
i
: P LVISTA STUIHROID TN L=0€T1-1 8103
TTRSTA : GTEIMOLDTH /- 0B-1, 2107
|
; m A SPATCY o4
W ' TUGOUL ™ | Swoysds UasuR TO0SG07L SATY 93138
! A7BIR9 1=A~1TH JIT105Ua], OTALYRGT STTE |
: . AD7150Y g9 9100 UTs01 u4g IopTOY
i
P OE4TTuls| w3l NOHVIILUD NOLEVILUD G ) NOULVNSISIA AWYN JIUINDIS VY ON
A STV SN DI LNIWIUNSOS VIUNLIVANNVIX LNTWIUAS0YUA SJLVA3HIATO0 Luva | AT L3
” NOISIASY Va. Ve B Nysanan 1oveined
s = 1va SEOVE VINEHOZIWVD ‘07312 L13440W TELTTOTL, 50 ATdllys owuinco
(o . o = v . h h < NG
- HIINAD HIVISIN STAVY-VSVYN —_— —_ — — — !
N THver sy Cans e 19000 i




e T

s b ™

e P B A TN NS e,

o et

78]
53]
T
o
Z
=
3
=_
7 ¢]
239
=

r
o .

~51-




‘ g v /:umm,}

W. Pinkus 5/12/78

hescriztion of Galileo-LASS Preliminary Logic Design ’ 3
Yajor subsvstens of the log design for Galileco~TLASS are the
Frorran Esjusnea Gensrator, the Command Memory, the Mass Control

v ey

J
p

Ls= Counter, and the Analog Multiplexer and the

. : . .. . ) . -
an output szoraze register to hold the 16-bit word actually being ot
A
\-‘.

used to c2fin: instrument function. When the signal defining the ot 4
. . <L :
end of th= half-second integration period occurs, a series of & 1
& !
bl v ll

pulses are gensrated. The first increments the Program Counter,

the second enables the ROM, the next strobes the ROM output value

[0
fad
o
O
rr
o
w
DO

power turn-on
I intend that
cetc. The ROM

devices which

uffer register, the fourth starts the Mass Control

ounter is cleared and a flln—flop is set which holdsg “ -

2 pulse from the space craft. The result is that the instrument

fth turns off the pulse generator. At power

%/:;(-7-( M/{‘{a sl

O the program counter reset until being cleared by

&%ﬁ;z

to cycle through its first 64 seconds of program from
until being released to start the “science' mission.

this first 64 seconds should constitute tuning checks,
array is shown as an array of 512 x 8 Shottkey»TTL ?

are of the fuse-blowing varicty for programming. Use

._.5')__.

PREpL LI g e )




of the RCA CDR 1832 1024 x 8 naske-progeaienad ROMG would cual the
aivze and complexity of this systom, but would highly probably cosl
more for the plcce parts and would also have a longer 1cad~time.
loishar cholce is cuxrrently an approved part, although hoth are

ot's "wish Tist.” fhe storage register has a sexial

imzut 2o allow overriding the normal program sequcnce with the
jrz=-umans GIZ., The 16 bits of program word are allocated as follows:

1.
(Y
bits also drive the Analoy
b

3 rits: Data Quiput Control
a) Multiplexer or Log Amp to A/D
convarter
b} A/D convarsion cnable
c) Digital Data ox Analog Data to

telenmatry
1 bit: Increment Inlet Control Seguencer
1 bit: Filamesnt On/OLf
2 bits: Ionization Energy Select
1 bit: Spare

Fa

o
3
o
)
o
}-Ju
rt
Te?

igital comparator is provided to look at the Mass Select
bits and @stermine is the value is above or below the Hiyh Frequency/

Low Fregusncy transition value.

The Command Memory coasists of a 32-bit shift register, a 32-
bit core memory, and control logic. Appearance of a Command Enable

signal overrides all other functions and sets up the shift register

to load new command data from the spacecraft. Disappearance of the

' Command Enable initiates data "write" cycle to the core menory.
Power turn-on initiates a data er;d" cycle. Cores are.accessed
f% l one at a time, requiring use of only one sense amplifier and mini-—
tii 1 mizing the energy in the read/write drive pulses. Individual drive
A
i -




o used for each core, which should result in looscned toloerance on
opoerating paramebor roquirements as compared to a more convention
coincident-drive system. During core read/write cycles the contentsg
of thz shift register are shifted along to present each bit to the
dzive circuits serially. In the "read" mode, a "rcad" pulse is

azollizli o a core and the response is stored in a flip-flop. %he

conzz=n= of thes flip-flop is loaded into the shift register, and

tha ccrz2 it camz2 from. The timing counter then advances Eo the
next bii adfress and the cycle repeats. The "write" mode is the
same, swoept thait édatz is recirculated from the end of the shift
registaxr back to the beginning instead of reading in the values

from thz2 core memory. Assignments in the 32-bit command word are

as follows:

N
Y
o
l_n
1
s

8 3~-bit words for gain & offset for
high and low frequency for R¥ and DC
anplitudes for the rods.

its: Pulse Amp Discriminator Level

Multiplier High Voltage Supply Amplitude

W oW N
p o U
e
et
n

'-ln
rl
0
.

Spare

The Mass Control Processor is a digital calculator perxforming
a funciion that has been done by analog circuits and multiplying

2/D convarters in the past. The task is to perform the calculationsg

It

M (M % a) + b

it

M (M xc) +4d

to produce control values for the RF amplitude and the DC amplitudes

for Lhe rods.
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Scaling of tho various value:s
. L oa 8 v 11 :
MOo(nsnY = 1 w2 x M(Full scale) 11 % 2 x M{l.al),

then + a(LS8) x M(LSH) = + 1 x 2777 & m(r.s.)

-1

end 4+ b(Lsy) = + 1 x 2 » M{f.s.)
From o thils it can be ssen that a 12-bit result, driving a 12--bit 1
D/s~ czavestor should be equal to the task. Double-~ ~precision calcu-
lation wlll be rerformed on an 8-bit microproccssor. Limiting the j

progzan ROM to 128 bytes (which, supposadly, is sufficioent) allows
the daca sources o M, a, b, ¢, d, and the sinks of M' and M" to

OTCuURy &lirass-space with very simole decoding of the address bus

Resulis 2re deposited in intermediate registers upon comploetion of
the caloilaticns and transferred to the D/A's at the start of the

next intagraticn times-out period. . This complication on the timing

ray prove unnscassaXy upon further study.
Analeg outputs for Ion Fnergy, Discriminator Level, and tigh

Voltage Amplitude are generated by D/A converters consisting of

1
switchas to connect the desired resistor to a buffer amplifier.

The Pulse Counter consists of an amplitude discriminator, a

counting chain, and dacision and nmuliivlexing logic to perform a
- floating-point conversion for data compression. ‘The high speed ]

portion oI the counter, built out of Shotikey and Now-lower Shottkey,

as shown, has been operated to 126 Miz successlfully.  The comparator

function is an unknown, as to speed. The deviee shown, the fastest

=! TTL-output comperator that could be discovercd (on paper) dis probably
> twice as slow as the first Shottkey f£lip-flop stage which follows it

J-K flip-flops are used to allow control of the Fivst stage to stark




and stop counting.  For lack of specifications, the timing relabion-

ships of DE data enables and data clock weroe used as the hasis for

= count/shift control. A 16-bit priority cncoder is iwmplemented to
find tha value of thoe largest (illed bit location. This value ig

loxia2d into a register and held for the duration of the data oukput

enz=la £ control tha multiplexer which selects the appropriate
print in the Jatz shift register to collect the Fraction value.

The sriority enceler output is also loaded into a shift register
th= output data. A test point is provided, harxd-
wirad to the rosi~significant-bit stage of the data shift register.

Looking 2% thai point while providing a 24-bit data enablce will

, an additzional analog switch, a buffer amplifier, the A)D
convarter, and o parallel-in/serial-out shift register. The 16—
ihpuf multinlexer is driven by the low-order four bils of the Massg
Select code. Further selection of the multiplexev output ox the

output of the Log Electrometer Amplifier is controlled by a bit

of the A/D coaverter, while & third dedicates the outpub data

strean to cither the most recent digital value or the A/D output

-
o
=
|
(0
:
]
1
-
tﬂ
fn

onfiguration allows gathering an analog value during :
ona integration and holding the result for later transmission
during a2 "dead spot" in the digital data strecam. In this fashion

simultaneous sanples may be taken from the two data systoems for

gain checks and the like.
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MK MORANDIUMNM

. e as .
FORC V.o in: 4
----- ~= L P [l .
TS oT: Mission Timzline

s==ashad is an abstract of the Mission Timeline given in JP-
501, & similarly coaxse NMS fimelinz, a plot of Entry Probe Alti-

tuda {in presscore) vs, Time, and an ovtline of thoughts on the modes

of opzraziion tha KMS should be capable of supplying. All comments

on ths las> will be appreciated {mayhe) .
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Entzv:

Doscent (I):

Descent (11):

TRt Ty e e

¥/Au 78
WHE: 51

Calileco Mission Timeline

(abstractoed from JP-501)

10 cday window to leave Earth orbil begins 6 January,

1837

{= 1200 days) Opportunities will occur for periodic
hzalih checks of the instruments, timing TBD. Final
healih check & command opportunity will be shortly
seiore separation from the Orbiter @ E-100 days.

when Coast Timer times oubk, data system and Sequence

Programmar are turned on. This phase ends af: entry

Possibility of doing calibra-
Hecks (€ 2 minute duration) near end of period
(= 2 R_; = 90 minutes before beginning of Science

Mission). NMS pump activated (turned on?) at this

time,

Period of high G forces, orientational instability.
Acceleration switch will signal fall-off of G forces,
start Dascont Phase program. Period lasts & 2 min--

utes.

Beginning € = 0.1 Bar, through s 10 Bax -- main scionce

period. All instruments on. Lasts = 30 ninutes,

Lasts additional 15 minutces. Reduced data rvate.,

Begins at jetifmnl of the parachuta @ = 10 Bar,




o e T T T T RSN T

minuzes 0.1 Bar Science Enable Science Sequence,
(high data rate) |

i

minztas 10 Bar (release parachute) Science Sequence :
{(low data rate) zl
.. L,
35 Bar (end of mission) i

Calileo NMS Doscont PTimelinge

Inst. Function

Altitude/Pressure 5/C Cmds

~-- inst on/off final checkout
QHJ (optional checkout) i
450 km (atmosphere entry) i
Inst on abbrev. check0ut§
!

[loss of signal by
orbiter]

o e i ——
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Galileo NMS: fPypes of opevation to bhe provided:
Ground Tasting with GEB

- 1, 8fz~Zzzd Flight Sequences

vavide "fast forward" mode to got
o any point in the seqguence rapidly

b. ©Provida "hold" mode to repeat any
program step as long as desired
c. DProv

d= "single step" mode for slow
in

2 &. G532 provides microprogram code to
- instrumsnt on an integration-by-
integration basis, superceding ‘he
outpuz of the internal ROM progr.au.

B, Datz Display

Provide GSE-only data outpul ports to make full
invernal instrument status visible fox every
integration

a. Program timer code
b. Microprogram code
c. Cormand status

2. Normal TM data stream

Must continue & not loose step in the
face of Program Scguenco start/stop.

n

WRL) LUELU L

a TM system with instrument in the Spaccceraft

V'3 ¥
[

1T, Testing v

Operating Mode is built-in checkoul soqguenco, which
must be repetitive (rather than open-cndad like Scioence
Saqguence) ., B

~

=

1. Need sufficient operating time to provide full
Aisplay of all instrument parvametoers.

P

-

=

v
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2, Noeod to exauine at least six mass peoaks to
vorify tuning of all three frequenclos.
(i.c., two pecakus in cach freguency).

3. Provide some mcans of "dry run" checking all
valve operations(?)

3. Data bisplay is via TM systen

i. Might want to "lock out"” Analog Science Data
l from Housakeeping channel every other cycle
4 to ensure getting the Housekeeping info, con-
verzsly 2llow 100% takeover in cycles when not
"lock=4 ount".

!
% A. S22 nd benefit to doing this
? 1. Dz=2 is stored until Descent period
2. 1Is baZore the Entry shock, which will probably
? be ihe major event affecting instrument opera-
1 +isn babtwaan the E - 100 day check and the ac-
{ tual Science HNission.
% |
} I35, Inhraviatst Chackout after Entry (@ 0.1 Bar) ;
]
: A, Opsrating Mode %
. 1. Simple mass scan before opening instrument |
to atmosphere i
2. Time available is severely limited i
. ]
' 1

B. Data is normal TM data, no special requirements on

housakeeping data since this is contiguous with the
Sciencea Mission data

|

%. Operating HMode

1, 45 minute programmed seguence storced in ROM;
cach 0.5 second integration individually fully
defined by a "microprogram code" word ot ita

oWn

2. Follows immediatcly tipon end af “"Abbreviated
checrout after Entry"; enabled by signal {xom
Probe Sequence Timer

—67-




3. S&ignal for cnabling aelence Mission Mode will be
latched, reversal accomplishad by cycling instru-
moent power
a. Fnables Science Mission sejuence

b. Arms Inlet System

axa Display by normal 1M strean

1. Dotz osuiput is 16 bits per half-second integration
]
2. 1 bit to flay Digital or Analog talometry
of Science Data in the Science Data field

£5 normally contain digital readout
ience Data

normally contain housekeeping
tion, formatted as 16, 8-bit
tuffed in two bits at a time

&. In "overlap" xregion where both Digital
and Enalog Science Data are valid, the
Analog will be inserted in place of the
HousaXxesping Data to a maximum of 50%
of the Housekeeping data rate

e. n tr> "High Output" region where the

I 2

Digita’ Science Data has little validity,
the Analog will be inserted in its place,
leaving the Housekeeping data alone

£. The Housekeeping data will consist of 14
analog parameter measurements (8 bit reso-
lution) and an 8-bit representation of
Inlet System status, repeating every 32
seconds. The 16th word in this format will
be subcomutated to provide Command Status
and Instrument time code information,
repeating every 256 seconds (4.27 minutes).

.

-l ¥ b o
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MEMORANDIUHN

VT2 T2: Galilso Tistribution
i T 3111 Pozcer
= R3I77:  Istablishing Synchronization Between the ROM Sequencer and the
- T/ Trazms S=ructure
= .
=3
: S-mz=ranization batwzen the MMS circuitry which sequences the program
“z S1% T fvzms structure will be established if the NMS Power
noeo Z o the proper time with respect to the T/M frame structure,
hae 7. anu 1 besin to count on the first NMS Data Envelope signal
seaived ait = ¥MS ceozolzates its power-on-reset sequence. Ideally, the
WM aeguence i tart with the first Data Envelope of a T/M major fraue,
4t wa ean do this ealy if 2 T/M najor frane is timed to begin to begin
as 2 tiz= vary ¢losz to tha nominal turn-on tine of the NMS instrument al
he 107 =3ar lavel. We cannot afford to delay the turn-on to wait for
tha T/M. The curation of a major frame is 4.27 ninutes, and if the
IS tura-oa ware delayed by an appreciable fraction of this time, we would
lose vitzal data.
1f w2 caanot turn on at the beginning of a major frame, the next best
thing would be to turan on at the beginning of a T/H minor frame, preferably
frame 9, 17, 25, 33, 41, 49, or 57 of the major frame {assuming the
ninor franes are nusbered 1 thru 64). Any one of these timings will
estzblish that az NMS block (definmed below) will begin at the start of
2 T/M pajor frace.

NMS Powar-On command, tha instrument requires a period
sec, for the Power-Cn ressat function before it

s

- -

can respond t
-

S

Q
o any external signals. Thus to establish a synchronization
batwesn tha NMS 7OM sequencer and the T/M frane structure where the ROM
sequence baings at the start of a framz requires that the NMS Tower-On
co-mand occur sometime after the last NS Data Envelope of one frame, aif®

at least 0.1 sec befare the fivst NMS Data Envelope of the next frame. The
ROM sequeacer will start counting with the first NifS Data Envelope following
l the completion of the Power-On reset function.
Re-Syncing the ROM Sequencer
' If tha KOM Sequencer is started at a known tip: with respect to the
T/M frame structure, at the start of the descent phase of the mission, they
sl ald stay in synchronization for the remainder of the mission, provided

R <Y/




Galileo Nistributlon
August 25, 1078
Page P

both count correctly. Provision conld bLe nada periodically resyncing
the ROM scquencer in case they do got out of step. However, inclusion of
resyncing circuitry might reduce, rather than inerease the overall
prohzdility of a successful mission. The decision to include resyncing

rrovisicas should be nade only after considering all of the reliability
IZ 2z 3 siuded in the NMS data, then it will be possible
oz this data, even if synchronization with the T/M

Crrzoniziaz tha %3 Data into "Rlocks"
T- wnild soim ussful to organize the XMS data into blocks of 64 data

word of 14 bits ezzh. Such a block seems to be about the wight size for

2 rorm=al —2s33 specirun scan and some overhead data. If the science reguires

that duzing part of the mission the number of masses sampled by significantly

lz=zaxr oz smaller than zbout 60, we can ecasily devise systematic means for

pasinizg thesa longar or shorter scans into 64 word blocks. The advantage

of sueh 2 mlack structure lie entirely in tha ease it lends to the

prozass of planning the ROM saquence for the nission, and in the ease of

inte=srating the T/M data. The use of the ROM as a programmer for the )

ins-wumenr zllews 2 saguence of samples which has no periodic structure i

whatsoaver, ‘
A block of 64 saadle werds requires 32 seconds of real time, ox 128

T/ bytes soread over 8 minor frames at 16 bits per minor frame. There

a=2 5 blacks im a major frame. TFor convenience in interpreting the data,

each rajor fra=a should baing with 2 new block.

A block wili consist of a number of ion count samples and some overhead
data, Tha overhead data may iunclude such items as:

1. Ra=dout of the ROM sequence counter at the beginaning of the block.
2. TRead-ut of the "fige tuning" commands currently in effect.

3, Readout of the valve seguence state, and also possibly some
feedback data to verify valve operation.

L, Tag bits to identify which data sanples were derived from ion
counts, and which werzs from an analoz readout to accomodate
extremely high count rates. :

5. Any spacizl codes that we may include in our data stream to
2llow us to recognize the start of scans or blocks independently
of the T/M frame structure.

6. llousekeeping data (temperature, critical voltages, etc.)

P e v s . (s i o s 7 e 1 ety e e gt
" 0 L&
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A

hoimially the dnlet valves will change state at the start of a block.

{2 {ow seconds are requived after a valve change for the old mlxture to
burge fron the plunbing, those time slots could be used faor overhead
¢:rz without losing any useful scionco.
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MEMORADUMN

M TR Gelilan Distzibution

ROM Sequencer aand T/ Data

v

of this mamo i to gather together a tentative
dz -2 tining sspects of the MMS Instrument/Galilco
So faca, based upon what information is now available,
an alternative cholces for some of the parameters that
ar

arsnsters are presently defined only by the statement

"1i ‘. Azcordingly, I have taken all of the word
bi avelopz, read clock, etc.) and the T/M frame structure
frea P ocuzeais.
Inter haracteristics thakt seem to be Teatatively fixed

into major iramnes of 64 minor frames cach. (I shall use

C

2

groupad into minor frames of 64 bytes each, which in turn
A

'c T

to describe the 8 bit unit to avoid confusion with
¢ units produced by the NMS instrument. The spacecraft
literatuze rafers to thesa § bit unite as "words.') Table I gives
lationship betwszen thess units, and thaeir time duration when the
2ting at the nominal rate of 123 bits/sec.

a froa instrumsat to T/M is reported to be
ne waveforms and tining fer a single byte
a in Figure I, whzre the Read Envelope and
Aeneratud by the §/C. and the Serial Data is generated
by tn1 Iostrunent

e

ol
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L T Relationshilp Awong Data Units; T/ Forpal
NMS Minor Major Time
L b Bigs  Bytes Somple _ Frame  Frame |  (sec)
Yoot 32,7568 4,095 2,048 64 1 256
LT v oo 512 64 32 1 4
oL tLzple 16 2 1 1/8
” Lo & 1 1/16
Plz 1 1/128

duces data in the form of 16 bit/sample words,
the floating point count from the mass
~aining three bits are available fox multiplexing
a a zad such additional timing and synchronization
2. A saosle word, therefore requires two T/M bytes. A
smz-arad every 0.5 szc, so the NMS generates 8 samples,
svary T/ minor frane, equivaleat to 1/4 of the T/M

ol jw

(oI W o N 4

F ot WV

I

nz 5/C.
s trument is programmed by a read only memory (ROM) capable

ng a arate cormand for each data sample during the entire

phas the Proba. FEach command specifies the atomic mass number
to ba measured, azong other things, so that there are egssentially no
hardwavs restrictions oa the sequence of sampling, and the sequence can
be earireiy indepsndent of the frame structure of the T/M system. There _
nead not evan he any tepatltive sequences in the program. However, it seems
1ilely thaerz, &5 thz program is defined, it will £all naturally into "scans",
jm vhich a saf of masses is sanpled more or less sequentually, ecven though
the sat of nasses sampled, and probably even the number of masses sampled,
vill vary ifrom scan to scan.  We would probably lose little flexibility
if we osganize tha R0M program into standard blozks of 04 samples each,
provicded w2 recognize that during some parts of -he mission we may program
twa oretual scans par block, or three actuzl scans for two blocks, or
other combinations. A block of 64 sanmples would correspond to two minox
§/3 frazes, Structuring the program into such blocks would greatly
eimolify the date anaylsis. In particular, structuring calibration and
checkout prograns into such blocks -.ould greatly simplify the GSE.

Tho Froblea of

Identifying Data din vhe T/H Stream:

Obviously
data streaa wi

ve must be able to identity each data sample in the T/M
th the ROM program step which produced it. We may do this

cither by locking the ROM program sequencer to the T/M frame counter
tine signal generated in the gfc, or by letting our ROM

or sofne other

g
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sceguancer run indepandently and putting tining information into our T/M
dota srrasa. There ave advantages in doing both.

Several nethods for locking the ROM sequencer to the

€'2 fizing ar

T, &1 powsr—on, nhe ROM sequencer comes up locked in the zero state,
znd stavs chere until receipt of an unlock signal that occurs
2% & koowm zoint dn the 8/C timer sequence.

2. A thz ROM sequencer starts ai the zero state and
13 ach datae sanple. Periodic synchronizing pulses from
the §/C nwazp tha ROM sequencer in step with the /M frame structure.
Tor exazalz, a synchronizing pulse every ninor frame could be
vszd to resas tha five low-order bits of the ROM sequencer, keeping
it in syne with the T/M frames. A pulsz every major frame could
vz vs2d ro Tesat thz low ordexr eleven bits of the ROM sequencer.

3. Thz Scicnes :vence rnable signal will presumably occur at a known
tiz e} Fel-Tek the T/M sequence, and could be used to preset
ta a specific position, as well as to enable
it to pracede he calibration sequance to the science
data-gatharing s=guance.

4, Trz a portion of the count in the 8/C which
idanrifiae positions within the winor frame, and use
the der bits of the ROM sequence code. Discard
the

Timing Inforoation in the T/M Data Stream:
o

Thoere are several alternative methods whereby timing and identification
infor—ation mDay be includad in our T/M data, utilizing the extra three
bits o each sanple word, and sharing them with housekeeping data:
1. Use the hi-ordar bit of each sample word for timing, and the
othar two bits for multiplexed housekeeping data. Put a "1
i1 tha hi-order bit for the first sample of each scan, like IECH.
Tha=e is no ideatification of secans, except by counting scans
from soma laadmark. There are 128 bits available for housekeeping
date for ecach scan. .

2. Usz thehi-bit of the sample word for timing and the other two
housekesping as before, except that instead of a single "M
in the hi-bit for cach scan, we put a conventional snyc cude,
followed by the bits of the ROM sequence counter. These codes
would appear in serial form, one bit in each sample word; they
would give us complete information as to what part of the ROM
program produced the data. There would also be enough bits
left over to recad out the actual ROM coizaand forx one or two
samples of the scan, if desired. Also, we could read out the

69~
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inler soguencer stabto.

Thore are 128 bits available for housckeeping data, as with
alrernative 1. -

2 Usz all threzz of the available bits from some words for timing
infprmazioa, and all three bits of the remaining words for house-
ke=ping. I, for exanple, we allocate 21 bits for the sync
e~da z2n2 15 Sizs for the ROM sequence count, we have 156 bits
ia<: for housekezaping data, wmore than with the other options.

A 21 bit s ode is enough bits, that assuming that the xest

el the st random and that we ignore all frame information

fram thz 3/C, tha probability of a false coincidence any time

dusing the Al4% samples (12,283 bytes) during the descent phase

is oaly 1/171. (Designing an efficient octal sync code seems

c~ vz gzsiar than designing an efficient binary syne code.)

Thus can relizbly interpret our data, given only a string

= Zram the 348 Instruemnt and the knowledge of the sampling
sagu in thes DM, .
~hs ¥M3 {instrument includes any provisior. to jump to

a ¢iffzrzns part of the program if an-unexpectedly high pressure ’

is enzsuntared, it bacomes even more desirable to include enoug.

¢ara in our data strean to determine unambiguously the point in

the E0M orogram which produced each data sample.
|
!
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GALTLEO NMS
DESIGN NOTE

. :cs=nzwed tabls 1illustrates a workable instrument time - line.
}
v fi-:- 733 inzesravisa periods (144 seconds) are shown. During the
fiege 32 of thzzp insazration periods an eight point tune check of 4

22 z=¢ the 5% bits of housekeeping data are taken over for a

omz =i=s -a=mzal stata readback. The tune chacks can be repeated at any

1 )

X tizs si--2 =hie is uader control of the instruzent ROM. Each row in the

h]

s s - . . . .

; tabls £F 3 imzagwzziza pexiods corresponds to a spacecraft minor frame during

1 . “ Lz o . : v

; whizh =~ ta=ai of 15 bits are available for housekeaping data. Eight of these

} . : ; - R .

~ bits z-e assizzsd to & reading of Multiplier current, Im’ and the other eight

, to other —oalzars.  Any 1 of the 8§ masses during a spacecraft minor frame -

)

>

? czn b2 salzotsl Zor an Im reading,the value of which will be telemetered

' during ths asxt mivor frame. A 32 word multiplexer has been selected and

; is shown for purposes of illustration with Al being sampled at 4 equally

3

} spaczd lozations, A2 at 2 and the remainder at 1 location. The last &4 words
allow for 32 birs of digital housekeeping. A total of 256 integration periods,

A 128 secoads, iz raguirad to retrieve a full set of multiplexed values. This
adis wis=h the 15 sseond turn-on commend staze readback to give 144 seconds,

the tize reczuired fren turn-on to get a full set of housekeeping data.
Following the 16 szeond initial sequence, a 64 mass background scan

is show followad by breakoff. The nunbar of masses in the hackground scan
J

s erbitrary and could be reduced if 48 seconds scems too long to spend before

tae

+

P2




getting at the Jovian atwosphere.  Following the b wkground sean the mass
progran decmed appropriate for the eavly manalysis ol the Jovian atwoesphere
is called,

Nuriag ground and crulse tests the instrunsat operates in the siame

25 i iuhibited. At normal speed 144 sceconds ave

TiL.nT:I o Tor oz Fach of the scloctavle donizabion energies
shouliote o c2llzd oot laast once during this peried so that this instrument
fumasizn wseld ba oswzraisad.,  The digital vords at the end of the 144 second

interczl includes inlet-scqueacer state which would have advanced at least

oen: sIzp ouring tha fntervalipartially checking this function.
1=s Zzairz?d az2nario at entry is to ture the instrument on at some
time rrizT to Jacal n spthat it is warned-up vhen measavements are
tazzad, A thus required at the noment when telemetry beglus which
would Ba wszd = =szar the 13 bit counter driving the ROM to its zevo state.

Ic=ally this woulld cccur 48 seconds above 0.1 bay so that breakoff would

initiate measureseats at the specilied pressure level. This counter would

n
[
n
O
o
W
*{
147]
w
W
[
1)
(R
=
o
L1]]

truzent turn-on aud it is probably desirable to have
this ress= co——a=dadle as perhaps intrinsically it would be on the same line

that providas the post entry simal.

Most of the datails the turn-on sequence remain flexible. The Ywaste
16 seconds for tune checks at Jupiter socems to be the only possible
obiection to this scheme. Its virruwes are havdwoere simplicity and the

.

attribute that every turn-on is identical to tho eatry scquence.




The evaluation of wmalriplaos (T tas e oo

an onevational complexity.  The owirowat i

hish volrages and four commandable dio. cin

-

corluntion progran would bo one in which oo oy

HTNENY)

Pt e iae

cruise proegels
prodvded with eight comandable

eviels, The ideal muleiplier

prooviate e would be

s Tarosloard 2 31 sren {3 high voltages N4 discorisinator leveis) urquencye ¥
i
Ul t. o sumacutsl wizh simultaneocus measupeossmt of oo Couul, a3
‘ - Grgny e ’ i
E
- . . s n . ' ,
YototoTilr oand Hizn Vaolozage Mondter. This is possible on the gurwand boc 4
W
N . X o - k
ra-te= fo-mTazzizal Juring eruise.  Alternatively, for each combinatien c¢f hiwh
volzaze ond Ziscrizinasor level neoded (this would probably be much fewer
thom 31 a.x.. & Zizeri=inator levals to select tha correct cne and 6 high
3
volTazz values Zollowinz, for a total of 10 conhirations) the instrument i
. .- . ) . . . i
woull to z2llowed s proczed fvom step 0 through erough iutegration periods i
!
to De: the neczss:ry informavion. By pregramning the ROM with this need :
i
|
in mind 43 damzazrasion rpericeds should suffice (16 past the 32 integration !
portiod tune check).  The procedure would thus be to command the appropriate

of hizh voltaze and discriminator level, send the reset command,
4 szconds of data, send the second combination, reset, take 24 secomds
¥or 10 co-binations this would require 240 seconds plus command

80 s=conds) for a total of 300 seconds. Since this detailed

chaclk is regquirzed only fafrequently this anou
Lafgli - et 4 -
This taghnigue puls

vought In programming

rd

t of time is probably acceptable,

s no additional hardware requirenents on the dnstrunent aand

iategration periods 33 through

P he
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instrument include provision to "fine tune®
connand This fine tuning would take the
e gain and offset of tha V, . and Ve control

s for each of the three frequency ranges,
/offset pairs. In addition, it is proposed
electron multiplier and the threshhold of

ument may prove sufficiently stable that

ranges can either be dispensed with or
For purposes of this memo, however, I
frll adjustment capability.

zat thes mass rangas covered by each of the oscillator
Lo range Mass 1 to ©
Mid ranga Mass 6 to 52
Ei ranga Mass 52 to 255

Let us represant the corraction operation by:

¥ = mx + b, where:

ke nominal atomic mass number read from the ROM
art of the progran comrand, and is an 8-bit

¥ number.

. 4

e corrected "mass," represented by a voltage which,
‘ter appropriate amplification, will control V.
or Vqe to the quadrupole.

b is the offset correction: -1<p<+l.
m is the gain correction: m = ).

since m has a value near 1, we may best use the transform

1+ mnmt, :




Galileo Distribution
Pagoe 2
Septombsr 13, 1978 i

whera m'<<1l. Fewer bits are required for an adacuate reprosentation of '
thzn =, We would then transmit m' as a part of the command, and compute
= 1+ n' on board|

transmitted as digital guantities, and it ig

0f bits to & ninimum, resolution hec¢ones the }

mathod of implemaptation. Let us assume thak !
/8 of an atomic mass unit. 'fhis means that n'

a change in the lo-order bit of either does not
‘de that cxceeds 1/8 AMU at any mass. It is
asolution in b must be equivalent to 1/8 aMg. The
in n, howsver, is not so obvious, and must be computed.

olution requiremant rore rigorously. Since y is
y adjust m and b so as to fit any two given
. The fact that m and b are guantized, however,
ctly some pairs of points. For no pair of given
-anerated by the quantized m and b differ from the i
at+ 1/16 AMU.

2 o Jues which m and b take is limited by the nuber of bits
transmitted, and by the resolution. The range limitations will confine the
function v = mx + b to lines which fall within the cross~hatched region of

a a* this region is narrowest at x = 0, and widest for the i
2 %. T%his proparty will allow the maximum correction for :
ighest atomic masses, which seems to be the place where

o3t likelv to be needed. If, however, the maximom Acvift
a low mass region, the function nay be altexred to:

y = mi{x - x') + b+ y',

- where x' and y' are constants. The zone of possible corrections is-then
narrowcast in the viciaity of (x', ¥y').

For this rmamo, T will continue to use ¥y - mx + b.
2

Fazolukion in m:

1f Ay is the acceptable resolution element in vy, and Am the resolution
elenent in n which would produce Ay, then:

(i + Am) xmax'+ b - (mxmax + b)

= Am

X
max




Galileo Distriboabion
Powgper 3
Soprombher 13, 1978

whicro Haax i the x value of the upper liwit of the range for one oscillator

frogusncy,  Using Ay + 1/8 ANU, we gob the Figures given in Table T Lor the

ranga of the corroctions available to m for thres bits of m'.

: T ovs if the "bandwidih" of the qguadreupole is
- suificlencir Wt e iass unit s resolved ab mass 255,

have no clearly stated roquirement to resolve one
such reguirement exists, we can achicve a groatoer
is the hi mass range with three bits of m'.




WABRLY s

0 Micdd i
L Range  Range  Daage

na 6 52 _.255

I¢zal &0 148 1/A1l6  1/2040,

1732 1/512 172048
-5 - 211
2 279 o1

Maw, sorracstion +1/8 1,128 1/512

“hrea Llig ~3 -7 -9

T e +2 " 2 2

Figure 1
Available Range of Adjustment
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MEMORANDUX

S Gaiiloo WMs Tile
PN ~ e e
I ¢. R, Cor TRDED
- .. wmemdan Dyand .
SU= oI LoE2IITINLIS desinn i

sions at the Galileo NMS engineering meecting

hizh ware needed to procead with design., Three - 1
tru2 are discussed in the attached brief design ;
irculated for concurrence. These are the 1
astrunent formatting and the data handling and its

Afdizicoal conzaptual quastions were raised which are being studied.
2low with names associated with specific tasks.

(1) Tlzzizciz Bias Suddly i
A. Concestuzl Design ~ John Maurer )
(2) 1Inle- Systen ——

A. Requirenments - Jim Cooley
B, Inreriace Issues —~ Bernie Elero .
€. Coaceptusl Design -- Jack Caldwell

(3) I:i.. Source Status & Filament Select

A, Criteria - Hasso Niensaan

('{') ¥ &V Addust CQ-_'-CQLt

A5 e

A. Dasiga - Walt Pinkus

-80 -
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those tasks arce dn addition to Lhe continued deslpn effort on
ehn.a cizouits whare a consensus coneepl exists,

ual tssued should be addressed ipmediately and resulting

cnable proaseantations of implomentation pehomes
2 meating,
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CALLLEG NMS
DES LGN NOTE

:ving and Related Issues

P PR pimavm

. n nerzohad sahle illustrates a workable instrument time - line.
~ho fivaz 235 dmczzraiion perlods (144 seconds) are shown.- During the
fi-g- 31 57 shaza farezration periods an cight point tune check of 4
ms3zss fs =23z znd the 54 bits of housekeesping data arc taken over for a
o=z tizg sammznd szats readback. The tune checks can be repeated at any
timz zi~-2 this i3 undar control of the instrument ROM. Each row in the
teslz of 2 fmrapration pazricds corresponds to a spacecraft minor frame during
whism £ =atzt af 14 bizs are available for housekeeping data. Eight of these
bics zre assizzzd to a reading of Hultiplier curyr t, Im’ and the other eight

to ciher manfzars,  iny L oof the 8 masses during a spacecraft minor frame
ct2?  for an I reading,the value of which will be telemetered
dutring tha naxt ninor frase. A 32 word multiplexer has been selected and
iz shown for puzposes cf illustration with Al being sampled at 4 equally
spaced lozazio=s, A2 at 2 and the remainder at 1 location. The last 4 words

-

2Xlow fox 32 b

()}

w}

S

o

digital housekeeping. A total of 256 integratinn perilods,

L]

, is recuirad to retrieve a full set of multiplexed values. This

53

s 1Hth cha 15 sacoad turn-on command zfata readback to gilv. 144 seconds,

{

zuired from turn-on to get a full set of housekeeping data.
Following the 15 second initial sequence, a 64 mass background scan
is shown followed by breakoff. The number of massaes in the background scan

is arbitrary and could be reduced if 48 seconds scems too long to spend before

- 82~




petting at the Jovian atposplere. Followiug rhe backeround scan the mass

progran deemed appropriate for the carly analysis of the Jovian atuosphere

Suring ground and cruise tests the iustrumant operatoes in the some

“edosmoopiothar breakell fs dnhibited. At norpul spaed 144 seconds are

Teleliisooroa full chiek-out. Each of tha selectable donization cnerpics

sniull otz otallzl ozt lzast once during this pariod so that this instrument

funzzizz wruld b2 sxarcisszd.  The digital words at the end of the 144 second

inteTval inrlulss inlat-szquencer state which would have advanced at least
afervals pargially checking this function.

lzration sothat it is warnad-up vhen measurements nre

hus required at the moment when telemetry begins which

woull bz usad o vesst the 13 bit counter driving the ROM to its zero state.
Iceallz this woulld oceur 45 ssconds above 0.1 bar so that breakoff would

initiate rezsuze-ants at the specified pressure level. This countor would

fiost of tha details tha turn-on seqieace remain flexible. The "waste"
ot

16 szeonds for tune chzcks at Jupiter «aens to be the only possible
22, Its virtues are hardware simplicity and the

Wwo every turn-on is identical to the calry sequence,




-

e I e . ST T e A T T AT

The ovaluation of maltiplice chavacteriastics during cruise presents
an operational complexity. 7The dinstuvument ie provided with cipht commandable

high voltazes and four commandable discriminator levels. The dideal wultiplior

evatuztion progran would be one in which an appropriate mass would be
b Pi
solezred and o2 32 suep (8 high voltapes X 4 discrininator levels) sequence

ioultansous measuvaenant of I Count.,, and I

GRID’

¥oliizlues and HIgh Vsizage Monitor. This is possible on the ground but

yooher f-mprercizel furing cruise.  Alternatively, for each combination of high

velzaze 27l discrizinater level needed (this would prebably be much fower

than D) z.n., « discrizminator levels to select the correct ome and 6 high
czluzs Zollawiag, for a total of 10 combinations) tﬂe iustrument

would Bz z2llzwad o procead froa step 0 through enough integration periods

to get the omezcoassary Infprmation, By programming the RO with this need

in =izl L3 Inzazrazion periods should suffice (16 past the 32 integration

. Tha proczdure would thus be to command the appropriate
co=bination oi high voltage and discrimivator level, send the reset command,
tak2 2% seconds of data, send the second combination, reset, take 24 seconds
0f data stc. For 10 cozbinations this would require 240 seconds plus command

tine (cuzss 80 saconds) for a total of 300 seconds. Since this detailed

This tachaizue puts no additional hardware requirements on the instrument and

only rasuirss sosma forathought in programning iantegration periods 33 through

-84 -

%X is ragquirzd oaly iafrequently this ezmount of time is probably acceptable.
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DESTGN NOTH

ToraTiots tha desoition subsystom which permit completion of the detailed
: desizz. Iv o dis chs rurposz2 of this note to document the consensus design.
Trz gonsor will oinclede two detectors, a grid near the exit of the
. rolis wiich will Znterzept 20X of the don £lux and a continuous dynode multiplier
—
= Fnizm o will gollzzc the erther 8)F and convert each ion dinto an electron pulse
= 6
. of zuszzzz wvzluz 22 2 to 3 x 100 electrons.
3
. — - . . ]
- -2 zlzzITaniz srsten will provide threae separate detection channels:
? (i} 2 Linzzzr elactroneisr measuring grid currvent;
3 - . . qa
* 1) a2 limszzc e2lagtrveneter measuring multiplier current; and
(%] ?
- (3} & puolsz counrar peasuring ion arrival rate.
b
3 Thz cutzut ¢f #ithsr the counter or the grid clectromatexr will be fed to
N the talazatry with the decision on which based on the value of the multiplier
~

curreni. Tha c—ultiplier current will be telemetered once each eight

integrztion pariosds utilizinz the housekeeping bits.

10 v51lus5 full scale corrasponding to 10 anps
12 bir digitizazion of output
Accuracy 0.05% full scale (5 nwv)

T
(2) Hultiplier Flectrometoer

e

=2 Constant <.05 secs,

Linear .

.

U
10 volts full scale corresponding to 3 x 10 o amps

8 bit digltization of output

Accuracy .1% of full scale (10 wmv)

. - 86-




(2)

Multiplier Dlectrometer (cont.)

Time Consbtant <.0L secs
Conparator at 10-15 panmps for range seloct ion

Proevision for comparator (with Iotch) at 25 pamps 0 multiplicer

vrotection shouwld ba necessary.

- > LW E . s
Fizzr DY x T5T cis/sec (periodic)
3w 1 cusfsec (randon)
Zezxd Tizma (ruzeesion: 20X a2t 2 x 107 cts/sec
Tiszrizicator Loval:s
Irtomanialle L Yavels T3S

-8
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.
-
Py

[
e

mdling

se ehe Galileo MS engineering mecebling on 30 Jlagush, 1978 o brick

S:g-_n=icn owas el vezazding the method of telenetering housekeeping data
fv sme zrnezal coniaui of eass of data handling., ‘The general problem of
Zos: Teirzafition nmis bran considered furiber and this brief uote is intended
|
s gmew 2mat zhe oTrssab desige provides for reasonable case in data
Sosimaratzsion of the information availahle indicates that the space-
cwai- =i-:r fwzz= iz 25 shown in Figure 1, with N5 assigned 8 pair of

o
'
'
;
)
I
1
)

y nis uoris ezually spaced dn the minor frame as typified by the

ghataes Towax, Touos N¥3 has ons 16 bit word cach 0.5 seconds. 14 of these

irs avo ussd To telsmater the main sensor output, & bit exponent, 9 bit
s=cizza, zn7 o »iz devector identification in tihie case of counter oulbput,

-12 eslasctrometar, 12 bits of output, 1 bit of detector identi-

bit not used, This leaves two bits of each 16 bit word

available for telemstering Multiplier current (In) and housekeeping data,

Half of thesa i1l ba usad for Im and the other half for the other house- S R -
keepinz fuactioas. This is illustrated in Figure 2.
L] . £ r 4 £ g i
The last two bits of cach of the first fovr NS words in o minor frame

(AW
rr
L8]
e
o
}_l
[N
]
[4]]
T
1
a3
re

a2 Unz

he value of an 1‘ taken during the previous minor
R
fra—e -4 the two bits of tle sacond four words telemeter a housekeeping

fumcriogn, A 32 channel housekeeping multiplexer has been selecled so the

housekeeping word pattern repeats cach 128 seconds,

- Ss_ﬁ



-4

The state ol the 13 bit counler provides the information requirved

to unazhiguously identify the bits which comprise the 16 bit output word

with which the counter state is associated, The least significant bhits
zr= Iriving the analogy and digital multiplexers.

s othe 3 lezar sizaificant bits eycle throush 0 to 7 the housekeeping

- L - 21
- P I e s Y

B

5 .

& 6 of 1

o
o]
rJ-
r
w

o

4 Birs 1 & 2 of HSKA

SX6

=

BDits 3 & 4 of ¢

tn

6 Bits 5 & 6 of HSK

7 Bits 7 & 8 of 1SK6

- 89.




:
!

Ag the next four bits of the 1% bit connter eycle from 0 - 31, the

mult iplexer state jn didentified,

3 4

etc.
¥he entire 12 bit word through a look-up table equivalent to the
instruzent R3M ideatiiys the mass being sampled, ionization energy and

whather or not 2 tune chack is on-going. A small unavoidable complication

4]
x
H.
y
[
3]
1
\J
[0}
)
1
i
-
th
]
w
ur

associated with a given L, reading was fdentified
earlier at tha tixme its digitized value was shifted in to the readout
registar, That is to say a ROM bit comes true jo indicare an Im reading
and the mass Dits associated with that RGM interval identify the mass,

L will be shifted into a register to be read out during

L
. Tor data display tinis mass numbetr must be noted and

o iuring the next minor fra:ze with the appropriate Im bits,

T




Thus the state of the 13 bit counter and o replica of the dnstrument
ROM unaubiguously ddentify each outpnt bit.  On the ground with GHM

the st

T

e of the counter and the ROM arc continuously available. On the

synozzvaln without GSE the 13 bit counter and o replica of the ROM must
trorers oIothe camputer. At turn on and reset the computer based 13 bit
CIunIeT Tusf be rezzzoani subsasquently count either bits or words to track
the imsgzos

ST Sxo2tzr. The output addresses tho computer based ROM to

trz2k tha Imstruzzat configuration. Once each 128 seconds the state of

T

o-,b

{u
te

H

"

'

]

1

1

f

¢

1

’ -}

L3

Ly

b

rt

(3]

Q

=

[b)

re

[}

"

e

s telemetered for confirmation and resynchronization

&35 nelssszzr. 1I, 23 is probable, the instrument reset is tied to the §/C

minor IZrzzz zounter, than resynchronization information is available cach
4 sezonis sinzz tha state of the 13 bit counter equals 8 times the winor frame

At turz-cn IL tdits have been set aside to proavide a one-time commaand
reaibacs and swvnchronization signal, Howsver, this data would not be

assinilzted uvntil after the first tune checks vere completed so there could

be soze éiffizulrzy at turn-on., %his problem is eliminated if the S/C frame
countar could be usad to establish synchronization before turn on or more
corracily "reset," It seems very iikely (or at least correct) that the
S/C diairizlize siznal to ¥M3 will have a fixed =ad kunown relationship to
the T s2 thazt thz problex of initial synchroaization is eliminated.

Cther thzz tha poteatial problem of initial synchronization, the present
¢asizn ssens to fulfill reasonable requireéents for ease of data handling

and displzy., Software specialists should review the design for concurrence,

- 91-
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Hotes from Galilea Prabe HMS Meeting with ALC/HAC
September 14, 1978

psent.:
GSKC

SKC

23 Yzln 7or the purpose of discussing the e]octrlca1 and
nlatTiI2 U3 ine Probe,
5Ny Cne oEnall 1 punp voltage. puinp current or temperature

35 2zsired. The three functions could be multiplexed. ’
Y ozzlinretz mode is being plannad to enable a Took at background
kiUt during antry.

—n power Qi and pump power OFF commands will be provided

T owziis of powar is allocated for instrument heaters.

Prazr - Firt

Radiatizn Feziing at GSFC - ARC desires that GSFC send parts lists and '
machaniczl ¢rawings to ARC prior to the radiation meeting at GSFC in
Qccober so the radiation contractor can review them i.e., MRC people.

There will 52 2 discussion about type of components and how affected by
ragdiation Zuring the mesting.

Allocation of Words - Thare will be 64 words per minar frame and 16 minor
frames rar majar Traze. 1o HMS word a551gnments have yet been madu
G-Switeh ~ A G switch will be provided to start the measurcment sequence

at = 0.1 bar,

Bii rate changa - Tha bit rate will be 128 bits/second to 10 or 15 bar

znd then switchzd (reducad) to 64 bits per szcond. The lower bit rate .
is ¢esired to prevent dropout of communications with transmission frequen-
cizs used. Tha switch to 64 bits/second will probably change the bit
fermat. Thz quastion then arose if a bit change signal was needed or

can & changa be darived from the signal, Finally, do we need a format
readout status?

.
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lual Readout Cdpdhl]!ty There will be two veedout capabilitios provided,
1024 bits por second and 512 hits perv sceoond, for ground checkoul and Tast
sr=rﬂ readout.* A preference toward the 1024 bits per second rate was
inticaved,  GSFC is to delermine if Lhey want the 1024 bil rale readout
status,  ARC will assuma thal GSIC does ot want the 1024 unless notified
oot convrary. It was indicated thol the 1024 bit rate readout status

Leo7rtoraopsceszary 1 the read envelops is available. *(during cruisae),

Coiomrzamiligy woald include the ahility to oparate six inqttumenrq at
o= EToCnE UiTE v sinoinstruments once a2t @ time,

N VT L=

e ofrrrzirali osizazlossquence will bo oasz Tollows:

2Y zZez<tEch smzeaces 24 0,1 bar

L, Tisz t3 opouzr oon bus

S} 2= sorntastnizs .

Fi.rtzzm viiis wiil ke providad for the pyretechnics. When the 14 volts

grz —zlz zyaijiic T

£ ;

222, the instrumant will distribute such voltage to jts

th2 possible effects of 2 shorted pyro on the
protective circuit may have to be designed into

23 14 pyrotechnics. Five amps will be pro-
pyro operation.

A guzsiiza that n2ads to be looked into is the phasing of the 1nstrument
pyrotechnic firings and the s/c pyro firings. HAC does not want the
instrumant znd spacecraft pyros fired at the same time
Cormans Data - HAC has ffered a new command envelope in liey of the
: I
picnssr vanus envalopz pre v10Js1y considered.
Py : ' ' NEW
— k. 35 ms i 4ms ~3 F3" 2 ms
CSFC nzads to comnment on the new envelonz. T, Yong, ARC, does not like.
the nazw envelope.

Ingut Bu ffers - The input buffers have bean 0X'd for radiation with

19 x 16 rads Si flusnce level, but a changa to the buffer will be re-
cuired in the clock lines. 1In the clock lines, there is a spike following
the pulse which will be compensated for by adding a circuit to the buffer.
The read, 38 KHz, lines are OK and require no compensation for radiation.

Mg s T
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Action Ttems:
e Send T. Hong {ARC) a copy of the report on KOVAR hybrid circuit can
buckling ) :
¢ Lecok at the s/c hattery location with relation to our instrument. It ]
i3 presently in close proximity to the HMS, HAC will also louk at this: J
» =37 w311 dooh oat the differential pressures across the NMS inlet/outlet,
T-zv o kava indicatad that the outlet could be run to the outside of the
s Ttz o £) recranicz] layout for the MMS was given to HAC. They are {
a2 rzcizg i 207 commznt and forward comments to GSFC.
j
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Thes

Lesls
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enVITDnIT e SLa. Do mIIIINTA, E

TIEING LD - o
{see - XL
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JGNTTTO - Amo.

{cve S=

. my mm g = - P

{sve Zogiion 7.0
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{see Rrztinn 2103}

Sectione referred to a o in

MERCULES HANDROOK Q)F

Ykl
FLEDD L SN e s T

LETY ?2

T ._fvt-,'a" i

i . 4

0.0,

o .
Lobein

Tirazs {5 convolution:
.-

<7z Lwire tvoe
Lend siyphnate type

‘ specificytion.

PO .-
PSR I R RG-EN ]

Aed (Rll-fire)

{tnilhisrconds)
Fuastioned normally

ofiter storapge at;

‘PICAL PERFORMA

| ST TN

diaineter Rovatl pins

-}

irvav-glass: hermetic seidered type

They are based on information developed in oea:,
vnd inoderate production runs.
that regune hiph reliabihity or perionmance under seve

N
! sonted 1nax. )

tre {aatety design, destructive)
{vorderline, not recommended)

0.3 0.¢

3.1
(Tiine:
(Temp. *F.:

Fuactioned normally at: ~BO°F.

Lanetyiai])

DU LR,

. DATA

Values 1is

10 mman.

50 v,
0.3 amnp.
1.0 anp.
J.o ..
0.t
1t hre.
-250

Functioned normally at d3-ram. Hgat -65°F,

Felioa s expunas 3/ in toor srog

text fixture f17

e actuator for

rotors

INTTIATORS AND

-

ACTUATORY

hoiding &rn

ited are average., and oxi:

- wheve the Lae 16 new, nay reguire special nedification or testing.

one 3-see. pulse

1.5 2.
0.4 G.3

L]

trT

30 davse 3ar.
.= hol

i excellent performance

Viithstood MIL-STD-304 semperaiure and humidity test

atnst 253-1h. spring lesc

cleanp rmechanivins, safe and avmomechanisins

(SO
B OWE
ACTUANTOR, BAY:

SHEY T HO-»12

DATI.: PIOAT
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THE UNIVERSITY OF MICHIGAN
ANN ARDOR

SPACE PHYSILCS RESEAZCH LABORNTORY
October 5,1978

MEMORANDLUN

MIMO THr Zolileps Fils
Fao: TLLL Frorzar
SUSSZITY Sozs= thitwihis oo Fizh-spead Counters and Floating-poinr Represeatation of

Iwr zsz221s 2% the current Calileo concep: for pulse counting and encoding the
counts IrT D le2zve Ze with a feeling that our design is less than optimum. The
Calilen Zesizs i3 77otadly foo far committed to make a gignificant change, but Y
would 1lkz to sez Zown these thoughts for future projects.

Thusz "uneasy" aspects are:

1. The fizst fzw stages of the ion counter requive a high speed, high power

nus the stzzes which produce the least significant data are the

T

2. Under Folsson stztistics, the standard daviztion ( o) of the count is equal to

the sguave root of the count. This means that, in general, only the high order half
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:press a count are statistically significant. Thus the

number of significant bits is a function of the count itself., Further, it means that

the few lowest-order bits are alwost never statistically significant,

-
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SGHIUCT:  Reading out High Speed Counters
Leadina out a counter stage requlees o Couwnt Foable functioun associnted
wivh ob Inatest stage to be read, and o o¢lesr {unetion associated wil:h_ all stapos
oo D the Linhospesd portion of oo counter is dmplemented with o diffoevent
Tl Tl drens e vern oof ihe system, levsl changers are requived for rhese

Lo L foralyy dnoaliliziio to the level changers that arve reguired o sense the counter

continz.  Thos owe 7oz oTanaloy in wedght and pover just for reading these bits that

iz In slilviis T the orstool thz high speed counter itself.
-— - ] L}

Imoranmzril, oz Vtova bones” divide-by-two circuit, without any resel or fuput

astor count rate with less power cornsumption than an eguivalent

s These 22272i0n21 cemponents. I don't know if this fact 1s reflected in

-~
-
T
'
g

1
i

commersially sealliile Bl%s oronon.
The crmzluzizn to bz reashed is that, while we must have these high-speed

!
;
|
.s

counter siigzzs o crnlave adaguate pulse reselution, we should not read out their
contents unlsss thire is a scientific need to measure very small count rates > 100

counts, for cmzmpla),
When toienesry dis ewpeasive, the optimua nuaber of hits to telemelor is

dependent en the mamnitedz of the count itself, and hence 1« data dependent.

v s e o e
SUBIECT: Truncaiion Irror

Whensver sezz leow ordoer birs are dropped, @ osmall but systematic truncalion
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easlly corrected for in data analysics.  lHowever,
in the case where we do-not clear the low order bits of the counter that we do nok
read out, the count vhich dis left over fron one integration period is added to the
next, and any statistical bias is cnncollqd out. No aother covrecltion for truncation

error should be dncluded in data analysis.
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Oct oty by 1U/0
Page 3

Fill Porter

SOy Variable-Lengpth Hantilssa for Floacing Point Encoding

Cie con devise a variety of encoding schemes for {floating point nuabersa
whore e Tornl number ol Bits rewaduns constant, but the allocation between exponent
ol moantlissa woriss with o the magnitude of the count. It dis relatively casy to du&isa
such rITETes tne nuztar of bits din the wantissa is approximately equal to the
stenZari Jevizilion oI tha count, and which could be iwplemented with an on-board
nicreprozzzssT.icts 2o liztie tricky to find one which can be impemented with hard - -
logic =22 zive & nat roduction in weight and power. I haven't found one

AT
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W e
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THE UMIVERGITY OF MICHIGAN

SPACE PUHYSTCS LRESFARCH LAB,

October 12, 1978

Galileco Yile

cASLTIUIL w231 En
».-..-' - —
PesulTamants:

LY

£zl out & binary number into the

Zrsm wnizh the oscillateor frequency can
in Iresiuszcy readout nmust be equivalent

cas2 =233 = 150 AMY)., Ve can assume a

2

Vo= 1.8083 fm

Wnere V = pz2ak AC volrbage, in volts

4

f = frequency, in MHZ

*

nolecular mass, in AMU.

]

n

housekeaping data stream

be deduced., The resolution

to less than 1/8 AMU at the worst
priori that the oscillétor never

soire high-order bits of the

)
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I7 we let An o= 1/8 AMU;

! f :;- f_—.
1inm
Voo oran now Zoopusae Table 1:
Tztle L {z2<iZz%ar Parameters

pE L)
1/8 aw

1
"
L=

t
1~
)
ra
cn

L1 0.25

L

z 145.5 0.05

T
ry
.

fon
I~
~J
.

o

0.022

a2 2. L1402 0.0025
z: i,z 137.8 0.0014
iz TLL 30,2 0.0005 critlcal case

Dy
w
o

.2 650.2 0.0003

If vz never sanple masses greater than 150 AMU, the worst case is for mass
159, =2=d Infizzres a resolution requirement of 500 Hz. Bits less significant
thaz 320 ¥z, therafors, nay be discarded.

Tha simalast way to discard these bits is to use a count interval of 1/500
menarate them in the first place. There seems to be no
zppropriate tims hase available; however. The next siwmplest way is to - use B

count inserval of 1/2 sec, for which an appropriate signal is avallable, and

factor of 256, so that the nuaber resulting in the counter 1s £/512

f

If we follow the pre-scaler with ‘a counter whose bits we will read out, then
f = 512 * count. We nust read out 13 bits to determine frequencies up to 4 MHz.

If, however, e are willing to assume a reasonable stability in the oscillator,

PRI PR . . - [, . e kL m L MR BastE P R e e emerrm oA mme b ETEr bl e e
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then v need not read out (or penervabe) sowme of Che high order blts.  Since the
housekieening data system is alrveady set up to handle datio in 8 ~ Vit byves, it

wvould be good to read 8 bits of {reauency data if possible. Dropoing the 5 hipl

erdor bivya gives a rodundancy of -+ 131,072 ¥ Kitz, vhere N is an lutegor., Thus
The Iveguency s oglven by

v

Iow 5I2% count o+ 1310072 % N He,

whzre Woinoan Imzzzer which nust boe deternined froa a priori knowledge of the
fruzuenzv. M is T 2= % for the noninal 1.2 Mz frequency, 15 or lq for the 2.1 MHz
Irezuzncy, 222 203 oz 31 for thz 4 MHz frequency.

1f this azbipeity is not acceptable, the counter can easily be extended and

ez z3iiiziznsl £hif:z zzgister added to read out the high order bits as another

wIa2. This Rizh eorder byte could be sampled less often than the low ovder

L2
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on systenm for the Galileo-XMS will use three RV requencios

Tre oo sa Selosnd

- e e
o W R 4

¢ requived ro cover the desirved mass range. Assum-

Ivootie o wrret o of nlL rirzumstaaces, with no keowledpe of the system generating

- - T MLl e b a e e

tie rod wrlzozzs, It Is reusonable to call for indeprndently commandalsle gain

enl Ifzer triz ocozabilicy forv the RF amplitude transfer function andlfur the NC
alp.-tudis transiet funciisn for each of the three frequencies. This results
N In oz resiicezent oo 39 bits of command functions ((gain -+ offset) x (RF + ned
- *» (5 frezusnzissy o (3 bdits/function) = 2 % 2 x 3 x 3 = 36).
- fnelysls of Ihz sysiem suggests some aveas where the rumber of funztions

Bay TE Telizel. The only likely source of error in the control system that
&% T2 favTeaizl by chanzing the offset in the transfer functions is the for-
E warl waltazz Ivap of tha rectifier diodes in the oscillator feedback loop. 'This
value should not bz frequancy dependent, so one value of offsel cnrrecéion should
suflize Zor 2ll three XY frequency ranges and no offset adjustment should be

eontIoL for the PF emplizude: frequency drift and loop gain drift. Clearly,
frequancy €rifc wust be assumed independent for the three frequencies being

fenezalac. Gain drifs may or pay not be frequency-related, Since the systen

]
P
P
o]
L]
N
Pnd
il
m
[
i
g
th
pa
re
w
.

avolved in setting the gains are larvge-value resistors in

serles with sma

-

i-resistive-value saturated switching elements. The switching

elenents are all part of the same integrated eircuit and may be assumed to
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show conparible drifts,  Independent RF gain contrel remaiuns a requivewent on
the basis of the expected foim of fvequency drift,

Thore are two purposes in providing gain control for the DC awplitude:

cizznzss In the loop gain of the Rod DC Ampllfier, and tracking ol changes made

In Prozmplizueds Funztiza, Gain of the DC amplificer is not exnpected to be a

Funzniino o freguenes, for the same reasons stated above for RF gain. Wheroe RF

fFzln zorzazoion Is zrzlied to compansate for RF gain drift, the resulting RV . . .
amplizuie will be the originally-set value and no adjustment of DC gain will be
neressaT’. Wnere KT galn corrzetion is applied to compensate for frequency

€riiz the Z0 galn will hsve to be adjusted correspondingly to maintain the cor-

resz IF - I3 - BT zzzis,  On this basis, as many sets of gain conbtrols must be
proviied Iov LD =3 zmist for RE,
at2Ring at the 3tabilily requirements on the mass selection parameters, it

Eg . VRI- b RE
' RF RE

- é.i 0.027% of the 150 AMU values,

Voo Fow
= R¥
Assizning half tha V_ error to the oscillator coatrol loop and half to the D/A

convarter providiang tha analog reference for ths loép, it can be seen that the b/A
nust be good to + 1 x 2 (i.e. an "honest" 12-hit D/A), and the allowable control
loop gain drift is +10 ppn/°C assuning a 100-degree temperature range. Looking
now at the 6-50 AMU portion of the mass range

o, 210

=T 4y

M ~— 50
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Stuce the DA s alveady speeitiod at b o,07 , the contvol toop deifl wy be

ret-cl ta 80,000 over tenperature, ov o0 ppam/ G Similavly, Cor the 0-5
S 0.6%

IR T emperature, or b HO0 ppu/UC. A gqualitative
ot TeoLowl thTe warneats that if the control loop and [requoeuney-determiniug
CiToulie TolTo wlih oonruzh accuracy to meat the 50 and 150 AMU requirements, there

shouls T e slznliiloont patp-related drifts on the 5 AMU range and the command-

ahle it orertrertiina Iy othat range may safely be deleted.
STe o Terust ool 2l otnis s the supgpestion that the origival vequivement of
indioiiezl ¢ i 2ifval controls for RF aud for DO at cach of the three fre-—

guensiia Coomprising zoteial of 36 comwand bits) can be reduced to a requirement

e BT orilaef control, RE goain contrel for the middle and high masses,

faes ornTrol, fnd DO ogaian control for the middle and hipgh masses (com-

o

25 bt} with no practical loss in functionality,

iy
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MEMORANDUHN

S0,
2 N 1
SUTOSIT TVoauiog o Ksreral Rlectric/Space Svateus
N .on 13, 1973, a visit was nale te Ceneral Blechric Space
Pt by remhers of the Space Physics Reseaveh Laborvatory,
i o ST T rias was to discuss the posaibilbity ol OF cupplyving
st e oL vl T hiahnn o alt i layer printed civeunit boavds.

ST DT e v ot s o7 aotion was to weel with Joha BWilblings, pomoger
ol cooluer Tostos Lostoadavds, the depavtment respousible for overseeing the
ot ol Do o0 e Bear sl Our fivst tash was to et o rouph ddea of
te v e s s =T e Basedan that we vould need Tor the Calileo Probe
Noeviotl D s ss L roeter elivctvondes systens. Vooused a o vough estiwate Tor
tie LocTer o7 T Toil cilneuiis that we will be using in conjunction with {hese
puloitoores Toascis, Froa this analysis we decided inirialiy we would be usiog

voe Giiderent types of mnlti-layer board,

» dtpressed with the layour facilities at CF and appavently

too suenly pnle k- layer boards since they ave cin the provess
jor thwe Alvr Forcee which uvsed well over 200 wult t-layer
» lavout of these boards they choose a veador that
Aty assurance progvam, They ave witliog (o con-
LOA, the nibivory gpeciiication for multi--Tayer (plated throupgh

-
]
5l
4
rrou
~
=

chenction with theirv own specificat fon CE-S30079,
To Zs oL deroetion o collect the pecessary dnformation to semd Lo OF so
thoy witd S 207 s 1o Svate g oguote for sepplying Space Physics with mali-
Jowor prin 3 el boavds,

Cordiclly,

Bornice Flero

BPhistj

u
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5.  CONCLUSLONS

of 30 September, 1978 the conceptual design of the Jupiter Probe

ervometer electronic system was tentatively complete. Block diagrams

suft dizarams presented din Section 2 have been generated and very

-5 1i.vs have been tabuiated. An assessment of the design

~

s pa =_tsw zzzhmical problems and that the final detailed design

cssli ne _sTolizel bw late December, 1978,
Lo TrYshlgn avias apheal Lo be:
{1 3znzZulzy rivoiculzrly din providing the hybrid circuit vendor final

s wims to zllow the vendor to meet required delivery

Sz-oz. Afiizismal spacecraft interface information ig required
=zfzwe manvy 2f ctha circults can be rcleased for fabricatiom.

(2 Thez cussiion
accerrataiy 2o this state and there exists some concern that the
stringenc waizht limitation can be met with the existing design. This
issuz shovid be resolvable when the design is complete and a ripgorous
woizhas zztizate can be made.

(3) Ralistign hierinzss of certain devices otherwise suitable for the
electronics nis problem appears tractable, but further consideration
rus: b: giver to the selection of devize Lypes.
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‘ The resalts of the desipn etlfort Lo date, in sumwiary, sl Hhat
3 l A elocironivs systen appropriate to the Jdup Pter probe wission can bo vealfzed
Qracine wmon woll tested coneepts U rom pl‘\‘\.-'i\\ll:: spaced iyt vxpurivnm' it
] \ vy, A scnnid fvity Lo schedule, weleht and radiat fon integrity is
= oo we sroseed toward the Fina! desiagn and its yolease [or tabrication,
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